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ABSTRACT 


The  purpose  of  this  study  was  to  determine  if  a  Virtual  Environment  (VE)  model  of  a  natural 
environment  could  provide  familiarity  training  transfer.  The  methods  used  included  aspects  from  sport 
orienteering.  15  male  participants  comprising  three  ability  groups  participated  within  three  treatment 
groups.  The  treatment  groups  were  comprised  of  a  map  study,  map  and  VE  study,  and  an  actual 
environment  study. 

The  results  indicated  that  navigational  ability  had  a  more  pronounced  effect  on  performance  then 
did  treatment  group.  However,  among  the  treatment  groups,  the  intermediate  ability  group  seemed  to 
benefit  the  most  from  the  VE.  Within  the  VE  treatment,  the  beginner  ability  group  seemed  to  suffer  from 
excess  workload,  while  the  advanced  group  found  the  VE  treatment  only  useful  for  pinpointing  the  location 
of  the  marker. 

The  results  indicate  that  a  properly  designed  VE  can,  through  training,  impart  a  familiarity  with  a 
selected  natural  environment  area,  better  than  map  study  for  all  except  the  most  sophisticated  land 
navigators.  Further  study  is  needed  to  examine  aspects  of  the  VE,  how  they  need  to  be  represented,  and 
what  other  refinements  or  features  could  be  included  in  such  a  VE  in  order  to  maximize  training  transfer, 
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I.  INTRODUCTION 


A.  PROBLEM  STATEMENT:  CAN  VIRTUAL  ENVIRONMENTS  BE  USED 
TO  IMPROVE  WAYFINDING  PERFORMANCE  FOR  THE  PERSON  ON 
FOOT  IN  AN  UNFAMILIAR  NATURAL  ENVIRONMENT? 

The  ability  to  use  Virtual  Environments  (VE)  as  a  training  aid  for  improving  combat 
performance  by  the  individual  foot  soldier  is  predicated  in  great  part  on  the  level  of  fidelity  between 
the  VE  and  the  environment  being  modeled.  Just  what  that  fidelity  is,  and  how  best  to  represent 
it,  is  still  unknown.  I  infer  that  a  significant  part  of  that  fidelity  involves  modeling  the  actual 
environment  to  the  degree  that  the  foot  soldier,  after  having  trained  in  the  VE,  feels  as  if  he 
already  knows  the  place.  Knowing  the  place  means  in  large  part,  being  able  to  move  about  in  that 
space  with  the  same  level  of  confidence  which  one  has  when  you  move  through  an  oft  frequented 
woodland,  park,  or  forest.  This  place  is  known  to  the  extent  that  even  certain  trees,  rock  clusters, 
minor  trails,  or  other  features  are  not  only  recognized  on  sight  by  this  person  but  he  could  take 
you  to  these  features  by  any  number  of  routes  without  the  aid  of  map,  compass,  or  Geographic 
Positioning  System  (GPS). 

Moreover,  this  person  has  the  sense  of  well  being  that  comes  from  knowing  where  he  is 
and  not  fearing  becoming  lost.  Knowing  where  you  are  allows  you  to  reduce  your  dependency  on 
navigational  aids,  thereby  freeing  time  and  concentration  for  other  tasks.  Knowing  the 
environment  as  if  you  have  already  been  there,  allows  you  to  rapidly  exploit  that  knowledge  for 
offensive  and  defensive  actions  without  the  apprehension  which  often  accompanies  moving 
through  an  unfamiliar  environment  never  seen  before  but  only  roughly  imagined  by  the  low  level  of 
detail  provided  on  a  typical  topographic  map.  This  is  one  component  of  situational  awareness: 

“  The  most  important  thing  learned  from  the  Task  Force  XXI  advanced  warfighting  experiment 
held  at  the  National  Training  Center,  Fort  Irwin,  Calif.,  last  month  is  "that  situational  awareness  is  so 
powerful."  Gen.  William  W.  Hartzog,  commander  of  Training  and  Doctrine  Command. 

According  to  the  general,  situational  awareness  consists  of  three  things: 

1 .  Knowing  where  you  are. 

2.  Knowing  the  location  of  friendly  forces. 

3.  Knowing  the  location  of  the  enemy. 

"Now,  when  you  know  those  three  things  you  are  given  a  startling  tool  on  any  battlefield 

anywhere,"  he  said. 


1 


Unlike  the  combat  vehicle  crewman,  who  by  virtue  of  his  vehicle’s  speed,  size,  mobility 
characteristics,  and  function,  is  primarily  concerned  with  representations  of  those  features  in  a 
VE  that  impact  on  his  vehicle’s  performance  (  manmade  and  natural  features  that  facilitate  or 
hinder  vehicle  movement  and  opportunities  to  fire  or  be  fired  upon),  the  foot  soldier  is  concerned 
with  a  higher  level  of  detail  not  represented  by  today’s  simulators.  When  operating  on  the  mission 
objective  area,  this  level  of  detail  goes  beyond  the  simple  portrayals  of  vegetation  and  manmade 
features  where  a  representative  item  is  replicated  in  a  uniform  or  pseudo  random  fashion.  When 
viewed  from  the  foot  soldier’s  perspective,  this  type  of  modeling  produces  the  “clean”  or  sterile  VE 
which  is  often  at  significant  variance  to  the  actual  terrain  and  thereby,  at  best,  degrading  the  VE’s 
utility  or  worse  creating  false  knowledge.  This  type  of  modeling  often  omits  depressions,  minor 
roads  or  trails,  clearings,  and  other  conspicuous  or  important  features  to  the  foot  soldier. 

Modeling  these  features  and  landmarks  are  essential  if  VEs  are  to  create  this  level  of  spatial 
familiarity  to  the  foot  soldier  about  to  conduct  a  mission  on  the  modeled  terrain. 

To  the  non-military  user,  knowing  what  and  when  to  model  in  a  natural  environment  so 
that  the  user  has  a  heightened  sense  of  familiarity  may  not  only  pave  the  way  for  a  more  informed 
direct  experience,  but  may  permit  decisions  to  be  made  without  first  hand  experience  of  the  actual 
environment  if  the  user  has  confidence  in  the  integrity  of  the  model.  Also  by  understanding  what 
features  are  best  modeled  and  how  to  present  them  in  a  VE  meant  to  represent  real  space,  VE 
designers  may,  in  turn,  learn  how  to  create  more  navigable  stand  alone  VEs  thereby  diminishing 
the  common  phenomena  of  “lost  in  cyberspace”  (Darken  and  Sibert,  1996). 

Can  VEs  be  used  to  create  the  level  of  familiarity  with  the  natural  environment  for  the 
person  on  foot  that  up  to  this  point  has  only  been  demonstrated  for  building  walk-throughs  or 
tested  for  aircraft  flyovers?  This  study  addresses  that  question. 


II.  BACKGROUND 


A.  SPACE,  PERCEPTION,  AND  NAVIGATION 

Landmark  knowledge  by  itself  is  little  more  than  a  crude  representation  of  the 
environment  (Wickens,  1992).  Navigational  ability  may  reside  in  route  or  survey  knowledge  (see 
Glossary  for  explanation  of  landmark,  route,  and  survey  knowledge).  Thorndyke’s  (1980) 
research  has  suggested  that  each  of  the  respective  knowledges  is  preferred  for  certain 
geographic  tasks.  Additionally  each  may  be  acquired  independently  of  the  other  through  different 
training  techniques. 

Route  knowledge  is  derived  from  an  egocentric  point  of  view.  This  type  of  knowledge  is 
illustrated  by  directions  such  as  “right”  at  the  road  junction.  This  command  will  lead  to  different 
route  choices  based  upon  the  perspective  of  the  person  at  that  moment,  such  as  whether  they  are 
facing  east  or  west  at  the  time  they  encounter  the  road  junction.  In  contrast  to  this  is  survey 
knowledge  where  the  appropriate  reaction  upon  encountering  the  same  road  junction  would  be  to 
“take  northerly  road”.  In  this  instance,  the  needed  direction  would  be  taken  regardless  of  which 
direction  the  road  junction  was  approached  from. 

Thus,  Thorndyke  has  proposed  that  the  possession  of  route  knowledge  is  best  suited  for 
decisions  made  from  an  egocentric  frame  of  reference.  This  includes  pointing  out  the  direction  of 
a  landmark  not  currently  visible  or  judging  the  distance  that  must  be  traveled  between  two  points 
and  actually  navigating  that  route.  Whereas  survey  knowledge,  which  provides  a  more  exocentric 
viewpoint,  would  be  good  at  estimating  the  relative  direction  between  two  different  landmarks  and 
estimating  straight  line  distance  as  opposed  to  walking  distance  between  them.  Identifying  the 
absolute  location  of  a  landmark  on  a  map  is  also  an  instance  of  demonstrated  survey  knowledge. 

Regarding  Thorndyke  training,  argues  that  route  knowledge  is  best  obtained  through 
direct  navigation  of  an  environment.  Comparatively,  survey  knowledge  is  best  initially  obtained  by 
map  study.  However,  survey  knowledge  will  also  eventually  be  developed  from  direct  navigation. 
Thorndyke  and  Hayes-Roth  (1982)  tested  this  assertion  through  two  groups  of  subjects  on 
orienting  and  distance  estimation  tasks.  One  group  acquired  knowledge  of  the  topography  of  the 
Rand  Corporation  building  through  extensive  navigation  training  (route  knowledge).  The  other 
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group  acquired  knowledge  by  map  study  (survey  knowledge).  The  results  confirmed  predictions. 
At  modest  levels  of  training,  the  map  learning  group  demonstrated  better  estimates  of  Euclidean 
distance  and  object  localization  than  the  route  knowledge  group  did. 

Additional  training  of  both  groups  showed  an  asymmetry  of  results.  Eventually  the 
navigation  trained  group  surpassed  the  map  trained  group  in  all  tasks.  The  progression  from 
route  to  survey  knowledge  suggests  that  our  internally  based  egocentric  frame  of  reference  slowly 
progresses  from  an  inside-out  context  dependent  frame  of  reference  to  an  outside-in  context  free 
representation  (Wickens,  1 996). 

Wickens  also  asserts  that  these  results  have  important  training  implications.  He  suggests 
that  extensive  map  study  may  not  be  very  effective  in  preparing  someone  to  navigate  in  a  strange 
environment.  He  claims  that  a  more  effective  training  procedure  would  be  provided  by  an  inside- 
out  experience  of  an  environment  where  “the  operator  actually  navigates  through  videotapes,  or 
even  views  a  highly  abstracted  movie  that  indicates  the  twists,  turns,  and  landmarks  to  be 
encountered  in  navigation”. 
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III.  VEs  AND  WAYFINDING 


A.  ABSTRACT  LEVEL 

Studies  on  the  acquisition  of  spatial  knowledge  in  VEs  have  been  conducted  on  several 
levels.  Fundamentally,  they  have  dealt  with  simple  geometric  primitives  such  as  cubes  and 
rectangles  confined  within  limiting  walls  (Peruch,  Vercher,  and  Gauthier,  1995).  Peruch  et  al  have 
confirmed  that  spatial  knowledge  acquired  through  active  exploration  is  superior  to  that  of  either 
dynamic  passive  or  dynamic  static  exploration. 

Their  study  consisted  of  a  spatial  layout  of  four  target  cubes  hidden  from  each  other  by 
obstructing  inner  walls  and  all  of  these  objects  contained  within  a  limiting  wall  with  an  entrance 
point  on  each  of  the  four  sides  of  this  wall.  In  the  active  exploration  condition,  the  participants 
freely  explored  the  space,  their  view  smoothly  changing  in  response  to  their  manipulation  of  a 
joystick.  Their  objective  was  to  locate  each  of  the  four  target  cubes.  In  the  two  passive 
conditions,  the  objective  was  the  same  but  in  the  case  of  the  dynamic  passive  condition  the 
participant  had  no  control  over  route  selection  and  viewed  the  smoothly  changing  scene  from  a 
programmed  route  designed  to  show  the  all  four  cubes  twice  the  participant  by  touring  the  area  in 
a  clockwise  and  counterclockwise  fashion.  The  programmed  tour  lasted  four  minutes.  In  the 
dynamic  static  condition,  the  participant  viewed  a  series  of  static  slide-like  scenes  selected  along 
a  continuous  path.  These  scenes  corresponded  to  one  of  every  72  frames  of  an  18  frame  per 
second  smooth  changing  scene  rate.  Each  static  scene  was  displayed  for  4  seconds.  All  three 
exploration  conditions  were  four  minutes. 

The  participants  ( nine  women  and  nine  men  ages  20  to  39)  were  allowed  to  practice 
working  in  the  simulator  in  order  to  relate  the  motion  of  the  joystick  to  the  changing  scene  before 
the  preview.  After  each  group  was  given  a  preview  of  the  simulated  space  (the  exploration)  under 
their  respective  condition,  they  were  immediately  subjected  the  target  location  test.  The 
participant  was  required  to  do  the  target  location  test;  where  being  placed  near  the  center  of  the 
simulated  space,  they  were  directed  to  use  the  joystick  to  select  the  shortest  path  to  reach  a  given 
target  cube.  Not  one  target  cube  was  visible  from  the  start  point  even  if  doing  a  360  degree 
rotation.  Eight  test  trials  were  performed  for  each  of  the  experimental  conditions.  A  large  display 
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screen  was  used  that  provided  the  perspective  one  would  have  of  looking  out  the  front  windshield 
of  a  car  with  no  side  views. 

The  results  showed  that  the  active  exploration  condition  systematically  yielded  the  highest 
number  of  memorized  spatial  cues.  Participants  that  acquired  the  highest  spatial  knowledge  also 
had  the  highest  performance  score.  Dynamic  and  static  passive  conditions  of  exploration  yielded 
equivalent  performance  as  determined  by  the  same  two  dependent  variables  (score  and 
completion  time).  This  later  point  has  interesting  implications  as  to  how  two  different  viewing 
conditions,  fixed  frame  and  continuous  sweeping  may  lead  to  an  equivalent  performance. 

B.  PROMOTING  GEOGRAPHIC  KNOWLEDGE  IN  SIMULATED  AIRCRAFT 
NAVIGATION 

Traditionally  pilots  have  been  trained  to  prepare  for  an  upcoming  flight  by  drawing  and 
studying  their  routes  on  aeronautical  charts.  For  flights  conducted  under  visual  flight  rules  pilots 
use  the  navigation  method  known  as  pilotage,  a  technique  that  is  involved  in  nearly  all  low  level 
rotorcraft  operations  (Williams,  Hutchinson,  &  Wickens,  1996).  In  this  method,  pilots  choose 
salient  landmarks  that  will  bracket  their  course. 

Previous  studies  seem  to  indicate  that  active  mode  learning  is  superior  to  passive  mode. 
However,  this  positive  result  may  diminish  as  work  load  increases.  Optimal  scene  detail  is  also  in 
question,  yet  to  be  accurate,  most  of  the  studies  involving  scene  detail  have  looked  at  landing, 
altitude  maintenance,  and  bombing.  Successful  navigation  is  significantly  dependent  on  the 
localization  as  well  as  positive  identification  of  landmarks.  This  suggests  that  higher  levels  of 
scene  detail  may  better  support  the  identification  component  of  the  navigation. 

In  testing  the  effects  of  level  of  detail  (LOD)  and  active  vs.  passive  participation  in  a 
simulated  rehearsal  flight,  active  participation  was  once  again  demonstrably  superior  in  promoting 
the  acquisition  of  spatial  knowledge  (Williams,  Hutchinson,  &  Wickens,  1996,  experiment  1).  A 
third  group  studied  only  a  map  and  achieved  of  level  of  performance  above  the  passive  but  below 
the  active  group.  Two  of  three  groups  trained  in  low  and  high  levels  of  scene  detail  respectively. 
When  both  groups  transferred  to  a  high  image  fidelity  simulation  to  fly  the  same  route  the  transfer 
results  indicated  no  effect  of  scene  detail  on  level  of  performance.  However,  it  must  be  noted  that 
all  groups  in  this  experiment  still  had  access  to  their  map  and  thus  any  influences  from  the  various 
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treatments  could  have  been  washed  out  by  the  fact  that  all  the  pilots  still  were  able  to  refer  to  their 
maps  during  the  test  portion. 

Survey  knowledge  was  also  tested  among  the  three  groups.  Although  the  map  study 
group  was  able  to  reconstruct  the  map  to  a  higher  level  of  detail  then  the  other  two  groups,  and 
they  did  well  on  the  landmark  recognition  measure,  they  were  no  more  successful  than  the  other 
two  groups  in  returning  to  the  start  point.  The  return  to  the  start  point  task  was  given  after  the 
participant  had  arrived  at  the  final  checkpoint.  The  participant  was  not  told  that  this  would  be  a 
task  on  the  test  until  arriving  at  the  final  checkpoint.  Unlike  preceding  tasks,  the  participant  was 
required  to  complete  this  final  navigation  task  without  reference  to  the  map.  The  results  of  this 
survey  knowledge  test  suggest  that,  though  the  map  study  group’s  reconstructed  maps  were 
superior  and  implied  a  superior  survey  knowledge  than  the  other  two  groups,  this  ability  did  not 
translate  into  a  capability  to  apply  that  knowledge.  This  result  supports  the  presumed 
independence  of  reconstruction  skills  and  the  functional  use  of  this  survey  knowledge  proposed 
by  Thorndyke  and  Hayes-Roth  (1982). 

This  experiment  was  repeated,  except  that  all  participants  were  denied  use  of  the  map  for 
the  transfer  test  flight.  The  results  from  this  second  experiment  imitated  the  first  one  except  that 
the  active  group,  with  a  fixed  map  orientation,  experienced  a  significant  drop  in  performance. 

Also  during  the  rehearsal  flight  the  active  group  was  forced  to  fly  40%  faster  in  the  second 
experiment  in  order  to  reduce  the  study  time  for  all  groups  to  20  minutes.  The  faster  flight 
increased  the  bandwidth  requirements  for  horizontal  and  vertical  control  and  likely  increased  the 
overall  flight  control  workload. 
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C.  TRAINING  DISMOUNTED  SOLDIERS  IN  VIRTUAL  ENVIRONMENTS: 
ROUTE  LEARNING  AND  TRANSFER 

The  Army  Research  Institute  (ARI)  constructed  a  highly  detailed  model  of  an  office 
building  using  Multigen  and  WorldToolKit  (Witmer,  Bailey,  and  Knerr,  1995).  The  building  was 
rendered  using  a  SGI  Crimson  Reality  Engine  and  displayed  via  a  Fakespace  Lab  two  color 
Boom2  (a  high-resolution  binocular  display  at  the  end  of  an  arm  that  allows  six  degrees  of 
freedom  movement  and  thumb  buttons  that  control  forward  and  backward  movement). 

The  participants  were  sixty  college  students  who  had  no  previous  exposure  to  the 
building.  All  participants  first  studied  route  directions  and  photographs  of  landmarks,  either  with  or 
without  a  map,  and  then  were  assigned  one  of  three  rehearsal  groups.  The  respective  groups 
were  the  VE  group  that  rehearsed  in  the  building  model,  the  building  rehearsal  group  that 
rehearsed  in  the  actual  building,  and  a  symbolic  rehearsal  group  that  relied  on  verbal  rehearsal  of 
the  route  directions.  Having  the  participants  estimate  the  distance  and  direction  tested  route 
knowledge  to  selected  landmarks,  while  survey  knowledge  was  tested  by  the  capability  of 
participants  to  exit  the  building  using  an  unrehearsed  route. 

The  research  found  that  participants  who  rehearsed  in  the  actual  building  made  the 
fewest  number  of  errors  followed  by  the  VE  group,  and  then  the  symbolic  group.  Each  of  these 
differences  was  statistically  significant.  Knowledge  accrued  about  the  building  layout  or 
configuration  (survey  knowledge)  was  not  significantly  different  among  the  various  rehearsal 
conditions  and  no  significant  differences  were  found  as  from  map  use.  Only  a  gender  effect  was 
noted  with  males  performing  better  than  females.  There  were  no  interactions  among  the  various 
conditions. 

The  results  indicate  that  spatial  skills  learned  in  a  virtual  environment  can  transfer  to  real- 
world  settings  if  the  virtual  environment  adequately  represents  important  landmarks  and  stimulus 
cues.  The  VE  group,  though  not  performing  as  well  as  the  building  group,  did  much  better  than 
the  symbolic  group,  even  better  than  those  who  had  previously  studied  a  map. 


D. 


WAYFINDING  IN  THE  NATURAL  ENVIRONMENT,  MAPS,  AND 
TERRAIN  VISUALIZATION 


The  psychological  aspects  of  wayfinding  in  the  natural  environment  have  been 
researched  extensively  by  psychologist  Rachel  Kaplan.  Included  within  her  studies  on  the  subject 
have  been  an  examination  on  the  fear  of  getting  lost  and  on  the  building  of  confidence  on  the  part 
of  the  navigator  to  mitigate  or  eliminate  that  same  fear.  Developing  knowledge  about  future 
needs,  learning  techniques  for  dealing  with  new  situations,  and  confidence  in  problem  solving 
developed  as  a  consequence  of  prior  successful  problem  solving;  all  of  these  depend  upon  the 
adequacy  of  an  individual’s  internal  model  of  the  environment,  and  this  in  turn  depends  upon 
experience  (Kaplan,  1 976). 

The  “future"  environment  must  be  modeled  so  that  it  facilitates  envisioning  it.  Merely 
describing  it  makes  it  difficult  for  a  number  of  people  to  arrive  at  the  same  spatial  relationships 
and  physical  characteristics  among  objects.  The  scene  needs  to  be  taken  in  one  sweep  where 
the  spatial  characteristics  are  immediately  comprehended  in  a  uniform  way  by  all  who  view  them. 
This  suggests  that  the  best  way  to  represent  an  environment  is  through  a  model  or  simulation. 
Though  models  are  abstractions,  they  need  not  loose  coherency  because  of  a  lack  of  detail. 
Object  constancy  is  important  in  this  sense  so  that  houses  are  recognized  as  houses  and  so  on. 

Kaplan’s  study  showed,  among  other  things,  that  participant’s  required  to  draw  a  map  of  a 
natural  environment  after  a  brief  walk  through  of  that  environment  came  up  with  radically  different 
maps  for  depicting  what  they  had  seen  in  spite  of  the  fact  that  they  all  had  walked  the  same  route. 
The  majority  of  maps  were  linear  (route  maps)  showing  a  sequence  of  landmarks  connected  by  a 
line  (the  path  walked).  Two  maps  were  pictorial,  showing  key  features  in  elevation  and  obscuring 
geographical  relationships,  while  two  other  maps  were  regional,  showing  areas  defined  by  types  of 
flora  and  topographic  elevation.  Kaplan  concluded  from  this  that  the  maps  indicate  that  there  is 
much  more  in  a  person’s  mind  than  what  any  single  map  conveys. 

A  later  study  by  Kaplan  involving  85  seventh  graders  indicated  that  prior  experience  (via 
abstract  non-contour  based  maps)  did  make  a  difference  in  terms  of  reactions  to  the  experience 
in  the  natural  setting.  Of  more  compelling  interest  was  the  conclusion  that  prior  cognitive 
structuring  of  an  unfamiliar  outdoor  setting  must  be  done  well  or  not  done  at  all.  The  conclusion 
was  drawn  from  the  result  that  participants  who  had  information  that  they  knew  to  be  irrelevant 
about  the  environment  that  they  were  about  to  enter  had  no  difficulty  ignoring  it  whereas  another 
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group  which  had  been  given  relevant  but  misleading  information  experienced  cognitive  incongruity 
which  detracted  from  their  experience  in  the  natural  environment  (their  confidence  about  their 
knowledge  of  that  environment). 

A  final  study  by  Kaplan  used  contour  maps  and  aerial  photographs.  The  results  of  this 
study  showed  that  the  group  who  oriented  themselves  to  the  natural  environment  experience 
beforehand  using  an  aerial  photograph  were  more  favorable  to  the  experience  and  enthusiastic 
about  the  thought  of  future  trips  to  the  park  than  the  contour  map  based  group.  In  contrast  to  the 
contour  map  based  group  which  had  greater  confidence  in  their  wayfinding  ability.  Possible 
explanations  could  be  the  quick  sense  of  space  that  the  photograph  provides  to  a  participant  base 
(106  seventh  graders)  not  thoroughly  schooled  in  contour  map  reading.  The  contour  map  group 
had  received  some  instruction  in  reading  contour  maps  prior  to  their  use  of  a  contour  map  during 
the  test.  Of  particular  note  was  the  fact  that  the  contour  map  based  group  had  a  higher  degree  of 
confidence  in  their  wayfinding  ability  independent  of  their  attitude  regarding  the  experience.  This 
implies  that  confidence  and  comfort  in  the  natural  environment  contain  a  variety  of  informational 
inputs  (Kaplan  1976). 

On  the  basis  of  these  studies  Kaplan  concluded  that  their  is  a  need  for  a  map  that 
provides  a  more  intuitive  sense  of  height  and  depth  than  the  contour  map.  The  use  of  a  “game” 
format  to  encourage  active  participation  on  the  part  of  participants  as  opposed  to  passive  learning 
was  very  well  received  on  the  part  of  participants.  The  fear  of  getting  lost  in  the  natural 
environment  is  not  merely  a  function  of  a  lack  of  prior  experience  with  that  particular  environment, 
but  of  a  lack  of  cognitive  structure  for  such  settings  as  a  whole,  or  in  other  words  the  lack  of  a 
“sense  of  place”.  Concerning  what  is  important  to  represent  to  the  navigator  on  a  map  of  a  natural 
environment  Kaplan  is  less  sure.  The  only  things  that  seem  to  stand  out  in  the  natural 
environment  to  her  are  the  non-natural  features  of  that  environment.  Of  secondary  importance 
are  the  characteristics  of  regions  such  as  a  forest,  clearing,  or  tall  grasses.  Thus  the  problem  of 
identifying  landmarks  in  the  natural  environment  becomes  one  of  identifying  unique  features 
against  background.  Kaplan  concludes  that  confident  wayfinding  and  orientation  in  a  natural 
environment  can  be  enhanced,  at  least  to  a  limited  degree,  by  prior  exposure  to  relevant 
information.  Additionally,  a  critical  component  of  this  wayfinding  skill  will  be  the  ability  to  identify 
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what  is  “distinctive”  after  one  has  become  sufficiently  well  acquainted  with  the  setting  to  know 
what  is  distinctive.  The  importance  of  a  sense  of  place  and  the  preference  for  the  familiar  may 
relate  to  the  ability  to  be  comfortable  with  an  environment  so  that  distinctive  elements  can  be 
differentiated  (Kaplan,  1976). 

Research  on  map  reading  and  terrain  visualization  done  by  the  Army  Research  Institute 
for  the  Behavioral  and  Social  Sciences  (Simutis  and  Barsam,  1 983)  has  shown  that  their  can  be 
considerable  individual  differences  when  it  come  to  map  reading  abilities.  The  ability  to  visualize 
three-dimensional  terrain  from  a  two-dimensional  contour  line  representation  represents  the  most 
complex  skill  required  of  a  map  reader.  At  the  time  of  this  study  three  solutions  were  proposed  to 
help  overcome  the  individual  differences  in  map  reading  and  terrain  visualization  skills 
demonstrated  by  soldiers: 

1.  Redesign  the  maps 

2.  Improve  techniques  to  train  map  reading  skills 

3.  Select  individual  with  map  reading  abilities  for  this  task 

Redesigning  of  maps  in  accordance  with  user  preference  surveys  has  had  little 
usefulness  in  facilitating  better  user  performance  with  these  maps  (Wheaton,  Zavala,  &  Van  Cott, 
1967).  Different  methods  of  portraying  relief  on  a  map  have  provided  similar  results  in  that 
performance  gains  in  one  area  (time  to  extract  relief  data)  were  offset  by  performance  losses  in 
another  area  (terrain  visualization).  Only  greater  map  reading  experience  positively  correlated 
with  increased  map  reading  performance. 

Research  on  individual  map  reading  differences  have  confirmed  that  differences  in  spatial 
skill  abilities  exist.  However,  map  readers  will  likely  never  be  selected  solely  on  their  ability  to 
read  a  map  as  many  other  skills  are  important  in  the  performance  of  a  military  specialty. 
Consequently  any  improvements  in  map  reading  performance  will  have  to  come  as  a  result  of 
improvements  in  map  reading  training. 

As  with  many  other  skills,  trainers  believe  that  the  best  way  to  improve  terrain  visualization 
performance  is  through  experience.  Thus  techniques  that  broaden  terrain  visualization 
experience  in  short  period  of  time  are  important  to  the  Army.  An  experiment  was  conducted 
which  studied  the  performance  advantages  among  a  three  dimensional  terrain  board, 
stereoscopic  slides,  and  two  dimensional  slides.  Eight  different  groups  were  formed  around 
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combinations  of  the  previously  mentioned  training  aids.  The  group  that  trained  with  a  combination 
of  three-dimensional  terrain  boards  and  two  dimensional  slides  performed  the  best  in  terrain 
visualization. 

Under  the  same  study,  Army  researchers  experimented  with  computer  graphics  as  a 
means  of  training  terrain  visualization.  A  low  resolution  computer  graphics  application  was  used 
where  the  participant  could  place  himself  on  a  specific  site  within  the  map  and  then  could  rotate 
an  arrow  from  0  to  360  degrees  to  indicate  the  direction  of  view.  Once  the  site  was  selected  the 
participant  could  then  view  the  terrain  as  if  they  were  standing  on  the  chosen  site  and  looking  in 
the  chosen  direction.  The  terrain  could  be  plotted  on  the  screen  in  two  or  three  dimensions.  No 
mention  is  made  in  the  study  as  to  the  portrayal  of  map  features  other  than  relief.  From  figures 
included  in  the  study  it  would  seem  that  only  relief  was  modeled  and  all  other  types  of  features, 
both  manmade  and  natural  were  not  part  of  the  terrain  modeling. 

Participants  were  classified  as  to  spatial  ability  through  three  subtest  scores  from  the  kit 
of  Factors  Referenced  Cognitive  Tests.  Participants  were  classified  as  having  either  above, 
average,  or  below  average  spatial  ability.  These  three  groups  were  then  further  divided  between 
two  test  conditions:  interactive  and  non-interactive. 

The  tests  indicated  that  for  participants  of  above  average  spatial  ability  interactive 
graphics  training  was  more  effective  than  non-interactive  training.  There  was  no  effect  of  training 
condition  for  participants  of  average  or  below  average  spatial  ability  (Simutis  and  Barsam,  1983). 
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E.  ORIENTEERING 


By  virtue  of  the  added  detail  in  an  orienteering  map,  which  makes  it  a  more  suitable 
template  for  deriving  a  high  fidelity  VE  than  any  other  topographic  map,  and  the  presence  of  two 
orienteering  clubs  in  the  area,  I  decided  to  use  orienteering  as  the  basis  for  my  experiment  on 
wayfinding  in  the  natural  environment  and  VEs.  Orienteering  provided  me  with  a  detailed 
conceptual  framework  for  map  and  corresponding  VE  construction,  a  method  for  evaluating  the 
effectiveness  of  navigating  an  orienteering  course  (Lowry  and  Sidney,  1989),  and  a  pool  of  skilled 
map  readers  with  which  to  draw  upon  for  participants.  This  last  point  has  significance  since  from 
a  logistics  relevancy,  the  research  is  within  a  military  applications  context  and  I  restricted 
participation  to  only  those  individuals  who  were  familiar  with  map  and  compass  use.  Prior 
exposure  to  sport  orienteering  was  required.  Finally,  since  orienteering  has  a  history  as  an 
organized  sport  reaching  back  over  100  years  in  Sweden,  it  also  has  a  correspondingly  extensive 
taxonomy,  methods  for  training,  and  most  importantly  within  the  context  of  this  study,  a  system  for 
identifying  and  classifying  common  navigation  errors. 

Orienteering  is  a  sport  where  participants  use  specialized  maps,  clue  sheet,  and  a 
compass  to  locate  orange  and  white  three  side  flags  known  as  “controls”  (see  Figure  1)  in  a  race 
against  the  clock.  It  is  wayfinding  in  the  natural  environment  with  a  competitive  angle.  Courses 
vary  in  difficulty  and  are  rated  with  color  codes  to  reflect  their  relative  difficulty  to  each  other.  The 
easiest  course  (white)  normally  contains  from  seven  to  twelve  controls  set  alongside  roads  and/or 
trails  for  a  cumulative  control  to  control  distance  of  approximately  three  to  five  kilometers. 


Dimensions: 

1 2”  x  1 2” 

Colors: 

White 

International  Orange 


Figure  1.  One  Side  of  Three  Sided  Orienteering  Control  Marker 


Like  all  courses,  regardless  of  difficulty  level,  these  controls  must  be  found  in  sequence. 

Upon  finding  a  control  marker,  the  participant  will  take  out  his  scorecard  and  “punch”  their  card 
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with  the  punch  that  hangs  from  the  control.  The  punch  is  approximately  the  size  of  a  small  pocket 
paper  stapler  and  contains  a  letter  or  symbol  pattern  in  small  spikes  which  when  applied  to  the 
scorecard,  perforates  it  leaving  a  hole  pattern  in  the  scorecard  that  matches  the  punch’s  pattern. 
This  verifies  to  the  scoring  official  back  at  the  finish  that  this  participant  did  indeed  find  a  given 
control.  Participants  must  find  all  the  controls  on  their  course  in  order  to  be  considered  as 
finishing.  At  that  point,  all  finishing  competitor’s  times  for  a  given  course  are  compared  and 
sorted,  with  the  fastest  time  winning,  etc. 

The  orienteering  map  is  a  highly  detailed  specialized  map  reflecting  the  orienteering 
participants  need  to  know  fine  details  about  the  environment  which  in  they  are  competing.  These 
details  include  but  are  not  limited  to  all  roads,  trails,  and  classifications  of  vegetation  based  upon  a 
competitor’s  ability  to  run  through  it.  Other  features  as  small  as  isolated  boulders,  individual  trees, 
fences,  and  other  features  not  normally  represented  on  a  USGS  topographic  map,  are  often  part 
of  an  orienteering  map.  The  idea  being,  if  the  map  contains  such  detail,  then  the  orienteering 
course  designer  can  use  that  detail  in  the  creation  of  a  course.  Orienteering  maps  are  normally 
produced  at  a  scale  of  1:15,000  or  1:10,000  whereas  most  USGS  and  military  maps  start  at 
scales  of  1:24,000/1:25,000  and  go  up.  So  not  only  do  the  purposes  of  orienteering  and  normal 
topographic  maps  differ,  but  their  respective  scales  denote  corresponding  levels  of  detail.  More 
information  on  orienteering  map  specifications  can  be  found  in  International  Specifications  for 
Orienteering  Maps  in  Appendix  A. 

The  clue  sheet  is  the  one  other  aid  that  the  competitor  uses  to  pinpoint  the  location  of  the 
control.  It  is  normally  a  small  sheet  of  paper  which  contains  orienteering  symbols  (and 
corresponding  textual  explanations  for  beginners)  as  to  the  precise  location  of  the  control  within 
the  circle  drawn  on  the  map.  It  will  include  a  description  of  the  feature  the  control  is  placed  on, 
such  as  hilltop,  fence  corner,  or  individual  tree.  It  will  also  state  on  what  side  of  this  feature  the 
control  is  located,  such  as  on  the  north  side  of  a  tree,  or  southwestern  corner  of  a  building.  The 
intention  here  is  to  provide  all  the  information  necessary  to  the  competitor  so  that  a  deliberate 
course  can  be  set  for  the  control,  as  opposed  to  luck  being  the  deciding  factor  influencing  the 
finding  of  the  control  as  the  competitor  enters  the  marked  circle.  See  Figure  2  for  the  clue  sheet 
used  in  this  study. 


14 


Course  Orange  Length  2070  meters  Climb  11  m 
Start 

Building  Northwest  side 
Pit  Shallow  Size  lxl  m 

Small  depression  Shallow  Size  3x3  m 
Single  tree  Deciduous  Height  4  m  Northwest  side 
Ruin  Size  3x7  m  On  top 
Dry  ditch  Ruined  East  end 
Clearing 

Clearing  Northeast  edge 

Figure  2.  Clue  Sheet  Used  in  this  Study 

Finally  my  role  as  cofounder  and  president  of  the  Monterey  Bay  Orienteering  Club 
(MBOC)  placed  me  in  the  position  where  I  gained  first  hand  experience  in  orienteering  map 
making  and  course  setting.  It  further  gave  me  the  opportunity  to  recruit  participants  for  the 
experiment  from  the  MBOC  membership.  Pivotal  to  my  role  as  cofounder  and  president  was  the 
acquisition  of  digital  mapping  data  for  Ft.  Ord  which  was  produced  in  1993  in  conjunction  with  its 
closing.  This  data,  produced  at  100ft  and  300ft  per  elevation  data  point,  was  crucial  in  providing 
the  necessary  high  fidelity  input  for  producing  an  orienteering  map  and  the  VE  that  would  later  be 
derived  from  it. 

F.  GIS  AND  RAPID  DEVELOPMENT  OF  VEs 

The  rapid  development  of  VEs  from  existing  Geographic  Information  Systems  (GIS) 
databases  is  key  to  VEs  becoming  viable  training  mediums  for  the  military  or  those  wishing  a  high 
fidelity  computer  representation  terrain  found  in  the  physical  world.  Rapid  development  of  a  model 
should  stem  from  taking  existing  GIS  data,  I  assume  the  GIS  data  is  over  90%  accurate  and  at 
the  scale  needed  by  the  VE  builder,  with  96  hours  or  less  spent  converting,  inputting,  and  refining 
the  raw  GIS  data  into  the  final  VE.  High  fidelity  means  the  ability  to  model  features  as  small  as  a 
pit  1  meter  deep  by  1  meter  in  diameter,  and  to  be  able  to  place  that  pit  in  its  appropriate 
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location  within  the  VE. 


This  state  presumes  that  there  are  VE  file  formats,  modeling  tools,  and  when  necessary 
conversion  utilities  for  GIS  data  that  taken  together  give  the  VE  builder  the  necessary  tools  to 
methodically  create  the  VE  without  having  to  resort  to  rewriting  code  within  a  modeling  tool,  or 
developing  custom  import  or  export  filters  for  porting  the  GIS  data  to  the  VE  modeler.  And  of 
course  all  data  that  is  ported  to  the  VE  maintains  its  GIS  spatial  integrity. 

Though  several  vendors  claim  that  their  products  are  capable  of  meeting  some  of  the 
above  criteria,  my  experience  over  the  course  of  3  months  proved  that  most  of  those  claims  were 
without  merit.  What  follows  is  a  brief  synopsis  of  my  attempts  to  port  the  Ft.  Ord  GIS  data  into  a 
VE  and  why  I  eventually  had  to  settle  for  an  unorthodox  solution  to  the  problem. 

The  implication  is  that  anyone  desiring  to  create  a  VE  rapidly  must  depend  upon  base 
topographic  data  to  already  exist  as  conventional  aerial  or  satellite  survey  can  be  both  costly  and 
untimely.  Thus,  using  existing  GIS  data  from  the  most  popular  GIS  formats  is  the  most  efficient 
first  step  in  creating  a  high  fidelity  VE  of  an  actual  piece  of  terrain. 

The  data  produced  as  a  result  of  the  1993  Ft.  Ord  closure  was  done  in  both  AutoCAD  r12, 
ESRI’s  ArcINFO  coverage  and  ArcView  shapefile  formats.  Since  ArcView  represented  the  most 
cost  effective  solution  for  creating  maps  for  the  MBOC,  it  was  this  application  that  became  the 
software  of  choice  for  producing  orienteering  maps.  With  the  exception  of  the  USGS’s  DEM 
format  and  the  DOD’s  DTED  format,  the  GIS  file  formats  represented  by  AutoCAD,  ArcINFO,  and 
ArcView  constitute  the  most  prevalent  GIS  data  formats  is  use  today.  Many  state  and  local 
government  agencies,  as  well  as  private  civil  engineering  firms  use  at  least  one  of  these 
applications  for  GIS.  These  applications  also  enjoy  widespread  use  outside  of  the  United  States 
as  well. 

Recent  developments  in  VRML  2.0  and  the  announcement  by  Intel  on  August  25 
of  several  new  motherboards  featuring  Advanced  Graphics  Port  technology  for  the  Pentium  II 
processor  promise  to  move  sophisticated  graphics  development  from  the  realm  of  the  high  priced 
SGI  workstation  to  the  modestly  priced  PC.  Additionally,  a  conversion  filter  for  DEM  (USGS 
elevation  data)  to  VRML  2.0  and  ESRI’s  pending  release  of  a  plugin  for  ArcView  that  can  export 
shapefiles  into  VRML  2.0  as  well  as  create  3D  models  directly  from  the  same  shapefiles,  also 


bodes  well  for  the  widespread  distribution  of  terrain  modeling  tools  and  their  subsequent  support 
and  enhancement  by  the  greater  software  developing  community. 
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IV.  APPROACH 


To  determine  if  prior  exposure  to  a  high  fidelity  non-immersive  VE  improves  navigation  in 
the  natural  environment  I  had  to  first  define  what  constituted  good  navigation.  At  this  point  land 
navigation  for  the  dismounted  soldier  is  still  a  function  of  training,  experience,  and  the  reliance  on 
tools  such  as  map,  compass,  and  recently  Global  Positioning  Devices  (GPS).  In  a  perfect 
scenario,  there  wouldn’t  be  a  need  to  rely  on  these  tools  to  assist  you  in  going  from  point  to  point. 
Obviously,  this  situation  is  only  applicable  to  navigation  over  ground  that  you  are  already  very 
familiar  with. 

This  represents  the  ideal,  though  it  is  difficult  to  achieve  in  real  terms  when  the  section  of 
terrain  in  question  is  large  and/or  complex,  thus  posing  a  significant  memorization  problem.  Also, 
how  much  time  is  available  to  familiarize  (to  physically  walk  the  ground)  has  a  direct  influence  on 
one’s  ability  to  assimilate  the  features  of  the  terrain  and  create  route  or  survey  knowledge. 
However,  for  the  purposes  of  testing  training  transfer  from  a  VE,  this  concept  of  navigation  without 
reference  to  map  or  compass,  while  simultaneously  maintaining  a  disciplined  route  from  point  to 
point  to  preclude  chance  from  factoring  into  discovering  a  point,  is  just  the  approach  I  decided 
upon.  The  argument  is  restated  as  a  premise: 

Familiarity  with  an  environment  produces  fewer  navigational  errors  than 
unfamiliarity  (in  this  context  deviation  from  a  self  prescribed  route)  and  familiarity  with  an 
environment  leads  to  less  dependency  on  aids  such  as  map  and  compass.  This  is 
evidenced  by  fewer  references  to  both. 

Orienteering  through  its  specialized  maps  and  requirement  for  fine  navigation  skills,  is  a 
good  medium  for  testing  natural  environment  familiarity  through  a  navigation  problem.  A 
sequential  progression  from  point  to  point,  as  done  on  an  orienteering  course,  facilitates  the 
creation  and  testing  of  route  knowledge.  An  orienteering  map,  produced  at  a  very  small  scale 
would  allow  almost  direct  extrapolation  of  the  map  to  the  VE.  The  map  would  act  as  a  feature 
template  upon  which  the  VE  can  be  built.  Not  only  does  this  simplify  construction  of  the  VE  by 
having  it  follow  construction  of  the  map,  but  it  would  also  insure  feature  congruence  between  the 
two  abstractions  of  the  environment.  Finally,  the  map  would  serve  as  an  audit  trail  by  providing 
the  medium  upon  which  the  participant  can  plan  his  route  and  later  have  that  same  participant’s 


19 


actual  route  overlaid  on  the  same  map. 

Not  all  natural  environments  are  equally  suited  for  an  experiment  involving  route  planning 
and  memorization.  The  same  could  be  said  for  survey  knowledge  within  the  natural  environment. 
Environments  which  lack  landmarks,  where  the  flora  and  topography  is  generally  uniform, 
presents  a  formidable  navigation  obstacle  without  use  of  map  and  compass.  Such  environments 
are  best  navigated  through  a  method  known  as  “dead  reckoning”.  Here  the  navigator  determines 
his  initial  location,  plots  a  magnetic  bearing  to  his  destination,  and  then  walks  that  bearing  while 
logging  distance  traveled  by  means  of  a  pace  count  (the  method  for  determining  distance  walked 
by  pacing  off  100  meters,  remembering  that  count,  and  adding  100  meters  to  your  distance 
walked  at  every  interval  you  walk  that  pace) .  This  method  requires  continual  reference  to  the 
compass  and  diligent  pace  counting.  It  is  also  the  principle  mean  of  navigating  at  night  when 
landmarks  are  concealed  by  darkness. 

Ft.  Ord’s  former  training  area  is  dominated  by  three  types  of  habitat.  Perennial 
grasslands  cover  about  one  third  of  the  former  training  area  and  are  characterized  by  knee  high 
grasses  and  in  some  places  widely  scattered  oak  trees.  These  areas  have  excellent  visibility  and 
pose  no  real  traversing  problem.  The  second  type  of  habitat  is  the  oak  forest.  A  woodland 
dominated  by  Inland  or  Coast  Live  Oak  which  vary  in  height  from  25  to  45  ft.  The  former  tree  will 
often  have  canopies  that  reach  all  the  way  to  the  ground.  This  woodland  varies  in  density  and 
amount  of  undergrowth  with  some  areas  easily  traversed,  while  others  may  be  quite  thick  or 
contain  large  quantities  of  poison  oak  where  traversal  becomes  more  difficult.  The  final  habitat  is 
maritime  chaparral.  Chaparral  by  its  abrasive  qualities  and  tendency  to  grow  in  dense  uniform 
thickets  is  a  considerable  obstacle  to  the  walker.  Even  on  the  edge  of  chaparral  communities 
where  the  plants  break  up  their  otherwise  unbroken  thickets,  chaparral  is  best  walked  around  as 
opposed  to  attempting  to  fight  your  way  through  it.  As  a  consequence  of  its  use  as  an  active  duty 
Army  installation  for  much  of  this  century  all  of  the  former  training  area  is  a  lattice  work  of  paths, 
jeep  trails,  and  minor  roads.  Finally,  there  are  some  small  wood  buildings,  concrete  tent  pads  or 
foundations  to  ruined  buildings,  and  power  lines  in  the  former  training  area. 

Thus,  much  of  Ft.  Ord  is  ideally  suited  for  this  test.  A  mixture  of  meadow,  traversable 
woodland,  impassable  thickets,  occasional  building,  and  latticework  of  trails  allows  for  the  creation 
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of  a  course  rich  in  landmarks,  but  also  posing  many  opportunities  for  parallel  error  to  the 
navigator.  Since  many  of  the  participants  for  the  experiment  are  drawn  from  the  MBOC  and  its 
San  Francisco  based  predecessor,  the  Bay  Area  Orienteering  Club  (BAOC),  an  was  selected 
which  had  not  been  used  previously  for  an  orienteering  event.  This  precluded  participants  from 
having  a  significant  prior  exposure  to  the  course  area  and  thereby  skewing  the  results  of  the 
study.  Additionally  the  area  chosen  should  not  be  either  too  hilly  (turning  the  navigation  problem 
into  an  athletic  test)  nor  flat  (avoiding  the  featureless  landscape  referred  to  above).  It  also  has  to 
offer  clear  reception  of  the  differential  GPS  (DGPS)  signal  being  broadcast  from  nearby  Toro 
Mountain. 
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V.  IMPLEMENTATION 


A.  TREATMENTS  AND  ABILITY  CLASSIFICATION 

Three  groups  comprise  the  treatments  within  the  study.  As  a  benchmark  against  which  all 
performance  is  compared,  one  group  would  get  to  walk  the  actual  course  immediately  prior  to 
being  tested  on  that  course.  During  the  training  phase  this  “Real  World”  (RW)  group  would  have 
unlimited  access  to  map  and  compass  as  they  walk  the  actual  course  locating  each  control  and 
marking  on  their  map  the  route  they  intend  to  follow  during  the  immediately  following  test  phase 
where  they  don’t  have  access  to  map  and  compass  without  penalty.  It  was  expected  that  this 
group  would  perform  the  best  as  they  would  experience  the  test  environment  in  first  person  as 
opposed  to  an  abstraction. 

The  second  group,  the  Control  Group  (CG),  previews  the  map  only.  This  represents  the 
existing  method  of  planning  and  terrain  visualization.  A  participant  in  the  CG  has  to  plot  his  route 
based  only  on  map  study.  Like  the  other  two  groups  (RW  and  VE),  the  plotted  route  is  on  the 
same  map  that  the  participant  would  later  be  able  to  refer  to  (under  penalty)  during  the  test  phase. 

Finally,  the  VE  group  would  preview  the  course  via  a  non-immersive  VE  and  map.  The 
map  was  still  necessary  from  the  standpoint  of  plotting  the  participant’s  route  through  the  course. 
Also,  the  VE  as  constructed  did  not  have  an  audit  capability  with  which  to  either  track  the 
participants  movements  through  it,  or  record  a  path  at  the  participant’s  discretion. 

15  participants  volunteered  for  the  study,  all  were  males  between  the  ages  of  28  and  68. 
Participant’s  ability  was  assessed  through  a  questionnaire  on  previous  orienteering  experience 
(see  Appendix  B)  and  they  were  then  evenly  divided  among  the  three  treatment  groups.  The 
ability  classification  of  the  participants  was  as  follows: 

1 .  Three  Advanced 

2.  Nine  Intermediates 

3.  Three  Beginners 

All  advanced  participants  were  from  the  BAOC  and  were  actively  competing  in 
orienteering  events  at  the  rate  of  one  or  more  events  per  month.  Additionally,  advanced 
participants  had  competed  in  more  than  24  orienteering  or  military  land  navigation  exercises  in 

their  lifetime.  This  frequency  of  recent  competition,  over  24  events  participated  in  to  date,  and  a 
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self  assessed  advanced  ability  level  led  to  a  participant  being  classified  as  advanced. 

Intermediates  may  not  have  participated  in  any  more  navigation  events  in  their  lives  then 
beginners,  but  assessed  themselves  as  intermediates  based  upon  question  three.  The 
significance  of  this  needs  to  be  clear.  By  stating  that  they  (intermediates)  navigate  in  a  more 
aggressive  fashion  (see  Appendix  B,  question  3,  answer  b)  it  denotes  a  level  of  experience,  and 
therefore  confidence,  not  shared  with  beginners  who  still  navigate  by  the  safest  route  possible 
(see  Appendix  B,  question  3,  answer  a).  Participants  who  self  assessed  themselves  as  advanced 
but  lacked  the  previously  noted  competitive  history  and  frequency  level  of  advanced  participants 
were  classified  as  intermediates. 

Beginners  had  participated  in  fewer  than  12  orienteering  or  military  land  navigation 
exercises  in  their  lives.  Beginners  also  self  assessed  themselves  as  beginners  based  on  question 
three.  The  correlation  between  fewer  then  12  events  over  a  lifetime,  and  a  self  assessed 
beginner’s  ability  level,  led  to  a  participant  being  classified  as  a  beginner. 

B.  COURSE  AREA  AND  MAP 

An  area  immediately  to  the  southwest  of  the  junction  of  Gigling  and  Watkin’s  Gate  road 
was  selected  for  the  course.  The  selected  area  was  bounded  by  Gigling  Road  on  its  north,  and 
dirt  roads  on  its  remaining  three  sides.  It  comprised  an  area  of  approximately  1200  x  700  meters 
in  size  of  gently  rolling  forest,  meadow,  and  thicket.  Several  buildings,  to  include  ruins  and 
concrete  foundations,  and  two  sets  of  single  wire  power  lines  added  to  the  feature  list.  The  area 
was  crisscrossed  with  an  extensive  path  and  jeep  trail  network.  See  course  map  in  Appendix  C, 
and  an  explanation  of  the  map’s  legend  in  Appendix  D. 

An  initial  survey  was  conducted  to  determine  the  area’s  suitability  to  task  based  upon 
natural  and  manmade  feature  distribution.  When  the  area  was  considered  adequate,  an 
orienteering  course  was  laid  out.  The  map  of  this  area  was  produced  after  approximately  25  hours 
of  survey  and  25  hours  of  computer  work.  A  digital  aerial  photograph  (created  1993)  produced  at 
the  one  meter  per  pixel  level  was  used  as  the  template  for  the  survey  and  subsequent  computer 
map  production  (see  Appendix  E). 

IOF  Map  conventions  were  followed  most  the  time,  the  exceptions  being  telephone 

poles/wire,  and  concrete  pads  both  of  which  were  symbolized  in  ways  not  covered  by  the  IOF  map 
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handbook.  This  was  necessary  because  the  symbol  palette  in  ArcView  does  not  contain  full 
support  for  all  IOF  map  symbols.  The  map  was  produced  at  a  scale  of  1 :5,000.  This  very  small 
scale  was  chosen  to  make  it  easy  for  participants  to  accurately  trace  their  planned  route  through 
the  course.  A  larger  more  conventional  scale  of  1:15,000  would  have  made  such  fine  route 
tracing  impractical.  Also,  the  smaller  scale  allowed  the  portrayal  of  small  breaks  in  the  vegetation 
(2  meters  or  less  in  width)  which  would  be  significant  to  the  participant  trying  to  thread  his  way 
between  thickets  of  fight.  The  1 :5,000  map  scale  was  the  appropriate  scale  for  direct  translation 
to  the  VE. 

C.  THE  COURSE 

The  course  decided  upon  was  the  technical  equivalent  of  an  orange  course  (intermediate 
skill  range  in  sport  orienteering).  The  orange  course  meant  that  the  controls  were  located  off  of 
paths  and  roads.  Controls  were  placed  so  that  catching  features  were  at  times  be  along  the  route 
to,  or  at  least  in  the  immediate  vicinity  of,  a  control. 

Control  placement  would  provide  route  choice  to  the  participant.  This  meant  that  the 
participant  normally  perceived  at  least  two  principle  routes  to  a  given  control  from  his  current 
location  (normally  the  preceding  control).  Route  choice  was  strictly  up  to  the  participant.  The 
participant  was  informed  prior  to  beginning  his  training  that  there  was  no  bonus  for  choosing  a 
more  aggressive  route.  Rather  he  chose  a  route  that  he  was  able  to  stay  on  without  deviation. 
Choices  between  an  indirect  yet  conservative  route  where  the  prospect  of  route  deviation  was 
minimized,  and  an  ambitious  more  direct  route  which  normally  meant  primarily  cross  country 
without  benefit  or  roads  or  trails  with  which  to  guide  the  navigator  (handrail)  was  available  at  each 
control.  An  analysis  of  each  control  and  the  probable  routes  to  them  can  be  found  in  Appendix  F. 

I  decided  to  place  nine  controls  on  the  course  for  several  reasons.  One  was  to  provide  a 
large  enough  number  of  controls  so  that  early  errors  on  the  first  two  or  three  controls  would  not 
dominate  the  overall  results  of  a  course  run.  Experienced  and  inexperienced  navigators  alike  will 
affirm  the  importance  of  being  right  while  searching  for  the  first  few  controls.  Finding  the  first  few 
control  in  accordance  with  expectations  has  the  effect  of  building  confidence  in  the  navigators 
analysis  and  execution  of  the  navigation  problem.  Conversely,  early  errors  that  lead  to  not  finding 
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the  first  or  second  control  can  severely  shake  the  navigators  confidence,  leading  to  self  doubt, 
and  further  errors  in  judgment. 

Also,  by  having  nine  controls  I  had  the  opportunity  to  vary  the  difficulty  level  of  a  given 
control  so  that  there  was  a  balance  of  fairly  easy  confidence  builders  and  difficult  parallel  error 
laden  controls.  Nine  controls  were  the  approximate  number  I  could  fit  into  the  course  area  without 
resorting  to  undesirable  backtracking  where  the  participant  would  be  crossing  a  piece  of  ground 
already  seen  when  searching  for  a  previous  control.  And  finally  nine  controls  laid  out  to  comprise 
a  cumulative  course  distance  of  under  3,000  meters  was  a  course  capable  of  being  completed 
without  running  in  less  than  an  hour. 

D.  THE  VE 

Jack  Nicklaus  Golf  4.0’s  Course  Designer  was  the  software  used  to  create  and  later 
preview  the  course.  Some  of  the  limitations  inherent  with  the  Course  Designer  was  the  “hole” 
convention.  This  limited  modeling  of  the  environment  to  640  x  215  yard  views,  or  what  would 
normally  be  considered  the  maximum  length  and  width  of  a  golf  course  hole.  Within  the  context 
of  the  course  area  previously  described  this  limitation  was  not  significant.  Due  to  the  topography 
and  vegetation,  a  participant  would  never  have  an  unrestricted  field  of  view  stretching  out  more 
than  150  meters.  Careful  alignment  of  these  holes  within  the  constraints  imposed  by  the  terrain, 
control  placement,  and  the  likely  routes  taken  by  participants  meant  that  the  most  likely 
approaches  into  a  control  could  be  previewed  from  within  the  confines  of  one  640  x  215  yard 
“hole”. 

Another  constraint  on  the  model’s  construction  was  the  fact  that  the  program  was  never 
designed  with  GIS  data  import  capability.  Though  the  program  had  been  used  to  model  many 
actual  golf  courses,  these  models  were  constructed  strictly  with  the  eye  of  the  modeler  as  the 
measuring  tool  for  ensuring  spatial  fidelity.  By  moving  the  tees  around,  in  the  “under  construction 
hole”,  one  could  come  to  some  rough  measurements  as  to  horizontal  distance.  Vertical  distance 
or  elevation  is  similarly  approximated  by  alternately  raising  and  lowering  a  section  of  ground  and 
then  placing  an  object  of  known  height  such  as  a  tree  of  building  next  to  the  modified  ground  in 
order  to  determine  it  height  or  depth.  This  resulted  in  a  very  tedious  and  time  consuming  approach 
to  model  construction. 
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As  previously  indicated  the  map  was  created  prior  to  the  VE.  So  the  map  acted  as  a 
template  for  VE  construction.  This  was  particularly  important  in  defining  boundaries,  especially 
those  separating  rough  open  ground  from  forest  or  other  conspicuous  demarcation  between  two 
very  different  map  features.  Spatial  fidelity  was  created  by  first  bringing  up  a  view  within  ArcView 
at  a  scale  that  would  closely  match  the  size  of  the  hole  in  JNG  as  it  appeared  on  the  screen.  A 
transparent  overlay  was  printed  out  from  ArcView  that  contained  contour  lines,  vegetation 
distribution,  road  and  trail  network,  and  other  manmade  objects.  This  overlay  was  spatially 
accurate.  The  overlay  was  then  taped  onto  the  screen  and  the  hole  from  JNG  would  then  be 
positioned  so  that  the  boundaries  of  the  hole  lined  up  with  the  boundaries  of  the  overlay.  Then 
contour  lines,  vegetation,  and  other  objects  were  all  traced  and  filled  in  on  the  hole  underneath  the 
template.  The  total  time  spent  to  construct  a  hole  was  between  20  and  30  hours.  This  variance 
was  due  primarily  to  the  amount  of  elevation  that  had  to  be  modeled  on  a  particular  hole.  The 
more  relief  that  had  to  be  created  the  greater  the  amount  of  time  spent,  as  rendering  elevation 
changes  with  the  modeler  was  an  extremely  slow  process. 

The  application  of  vegetation  was  a  mixed  blessing.  The  Course  designer  contained  a 
rich  palette  of  trees  and  bushes,  which  though  they  did  not  match  the  Ft.  Ord  flora  exactly, 
provided  an  adequate  facsimile  of  Ord’s  vegetation.  Although,  all  flora  had  to  be  placed  into  the 
hole  on  a  plant  by  plant  basis,  there  was  no  defining  an  area  with  a  given  plant  type  and  then 
allowing  the  computer  to  randomly  or  uniformly  distribute  the  plants  over  that  area.  The  resulting 
method  involved  hundreds  of  mouse  clicks  as  trees  and  bushes  had  to  be  individually  placed  into 
the  environment. 

The  Hawthorne  Tree  from  the  Course  Designer  palette  closely  approximated  the  look  of  a 
Live  Oak.  This  became  the  tree  of  choice  for  woodland  representation  within  the  VE.  I  attempted 
to  replicate  the  height  of  tree  groves  in  the  test  area  to  reflect  the  differing  characteristics  of  tree 
groves  throughout  the  course.  Oak  trees  on  more  exposed  ground  have  a  tendency  to  be  shorter 
(25  ft)  with  canopies  that  stretch  all  the  way  to  the  ground.  On  the  other  hand,  their  counterparts 
on  ground  sheltered  from  the  prevailing  west  wind,  may  grow  to  a  height  of  45  ft  with  lower  limbs 
well  above  the  forest  floor  allowing  for  running  through  them. 
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Other  minor  flora,  such  as  undergrowth,  young  bush-like  oak  trees,  and  chaparral  were 
simulated  with  objects  from  the  shrub  palette.  Density  levels  of  vegetation  were  approximated  so 
that  they  appeared  to  correlate  with  the  vegetation  classifications  on  the  map,  which  again,  were 
meant  to  portray  a  participants  ability  to  run  through  a  given  section  of  vegetation,  and  not  his 
ability  to  see  through  it. 

Road  and  trail  application  was  easier.  A  simple  tracing  of  the  outline  and  its  selection  as 
“rough”,  “topsoil”,  “sand”,  or  “cart  path”,  and  the  path  was  given  its  appropriate  representation  in 
the  VE.  Buildings  were  restricted  to  one  type  modeled  in  the  course  designer,  a  latrine,  which 
could  be  varied  in  size.  Telephone  wire  poles  were  approximated  by  enlarged  saguaro  cacti.  Wire 
was  not  capable  of  being  strung  between  these  cacti,  but  this  was  not  a  detraction  from 
participants  correlating  the  cacti  with  poles  on  the  map  and  considering  the  cacti  as  poles.  All 
objects  in  this  environment  were  billboards  and  not  true  3D.  That  is,  they  had  the  same 
appearance  regardless  of  direction  they  were  approached  from.  Plates  provided  to  the  VE 
participants  (during  their  training  phase)  with  representative  correlation’s  between  the  actual  and 
virtual  environments  can  be  found  in  Appendix  G. 

E.  DATA  CAPTURE 

Capture  of  the  participant’s  planned  route  was  easily  accomplished  by  providing  each 
participant  with  their  own  laminated  map  upon  which  they  directly  drew  on  their  chosen  route 
through  the  course.  During  the  Inbrief,  the  participant  was  given  an  outline  of  his  objectives  (see 
Appendix  H)  and  the  parameters  which  he  would  have  to  adhere  to  in  marking  his  map  and  doing 
the  course  (see  Appendix  I).  RW  Group  participants  drew  on  their  planned  route  as  they  walked 
the  actual  course  during  their  training  phase.  The  CG  and  VE  Groups  drew  their  planned  routes 
onto  the  map  while  they  respectively  planned  with  map  and  map/VE. 

Data  capture  of  the  participant’s  actual  track  through  the  course  was  accomplished  by 

three  means.  The  principle  capture  system  was  a  backpack  worn  by  the  participant  that 

contained  a  DGPS  with  5  meter  positional  accuracy  coupled  with  an  Apple  Message  Pad  130  (see 

Figure  3).  The  130  served  as  a  capture  platform  for  the  transmitted  DGPS  coordinates.  The  130 

was  programmed  to  accept  a  coordinate  when  5  meters  or  more  away  from  the  previously  plotted 

coordinate.  This  kept  the  output  clean  by  eliminating  redundant  positional  plots  from  the 
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participant  not  moving.  For  this  study  it  was  not  of  much  concern  with  how  long  a  participant 
stood  in  one  sport,  but  rather  the  path  they  took  from  one  point  to  another.  DGPS  coordinates 
were  transmitted  to  the  130  every  two  seconds,  insuring  that  there  was  going  be  a  plot  every  five 
meters.  The  1 30  also  served  as  a  recording  platform  for  a  participant’s  map  and/or  compass 
checks.  Participants  were  told  that  each  request  to  look  at  the  map  and/or  compass  during  the 
test  phase  would  restrict  them  to  discrete  30  second  chunks.  This  did  not  mean  that  participants 
could  only  see  the  map  and/or  compass  for  30  seconds  before  it  was  taken  away  from  them, 
rather  for  every  interval  of  30  seconds  that  the  participant  had  the  requested  object  in  his  hand,  an 
entry  was  made  into  the  130  correlating  a  DGPS  reading  with  the  possession  of  said  object. 


Figure  3.  DGPS  Backpack  and  Message  Pad  130 

The  second  means  of  data  capture  during  the  testing  phase  was  with  the  HelmetCAM. 

The  HelmetCAM  was  a  Hi8  camcorder  bolted  to  the  top  of  a  standard  US  Army  Kevlar  Helmet.  A 
parachutists  shock  pad  served  as  a  vibration  dampener  between  the  helmet  and  the  camcorder. 
A  sighting  apparatus  was  fashioned  to  the  camera  so  that  the  boundaries  of  the  camcorders  view 
field  could  be  determined  by  the  camera  operator  who  was  not  be  able  to  look  through  the 
cameras  viewfinder.  The  camera  was  sighted  to  capture  the  participant  while  the  camera 
operator  stood  at  a  distance  of  about  2  meters  from  the  participant.  The  focus  level  was  set  on 
infinity  to  be  able  to  capture  distance  and  panorama  shots.  The  principle  purpose  of  the 
HelmetCAM  was  to  record  instances  of  map/compass  check  thereby  validating  the  130  entries, 
and  to  provide  data  for  behavioral  analysis,  see  figure  4. 


The  final  means  of  data  capture  was  by  manually  recording  route  traveled  and  instances 
of  map/compass  check  on  the  participants  map  in  the  event  of  DGPS  failure.  My  intimate 

knowledge  of  the  test  area,  due  to  my  direct  experience  in  creating  the  orienteering  map  for  the 
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area,  would  allow  me  to  reliably  record  the  participants  route  manually  within  most  of  the  test  area 
in  the  event  of  DGPS  failure. 


Figure  4.  HelmetCAM 
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VI.  METHODS 


A.  PROTOCOLS 

Participants  from  ail  three  groups  were  directed  to  meet  at  my  office  at  NPS.  Participants 
had  been  advised  that  they  would  be  doing  the  equivalent  of  an  orange  level  orienteering  course 
and  that  they  should  dress  appropriately.  It  was  further  specified  that  the  course  length  would  be 
under  three  kilometers,  and  that  provided  that  they  made  few  mistakes,  running  would  not  be 
necessary  to  complete  the  course.  Participants  were  not  informed  as  to  the  location  of  the  course 
until  their  Inbrief,  which  immediately  preceded  the  training  and  testing  phases  of  the  experiment. 

Soon  after  arriving,  participants  were  verbally  informed  as  to  the  task  that  lay  before  them 
and  the  constraints  they  would  operate  under  in  the  performance  of  that  task.  They  were  also 
informed  as  to  what  treatment  they  would  be  part  of.  They  were  provided  the  same  information  in 
writing  via  the  Participant  Task  List  (see  Appendix  H),  Important  Information  on  Marking  Your 
Map  (see  Appendix  I),  and  About  the  Orienteering  Map  (see  Appendix  D).  Participants  also  filled 
out  the  Orienteering  Ability  Questionnaire  (see  Appendix  B),  again  in  order  to  have  a  written  copy 
for  archival.  Participants  had  previously  filled  out  an  email  version  of  the  same  questionnaire 
which  had  allowed  me  to  classify  them  into  ability  and  treatment  groups  (while  ensuring 
proportional  representation  of  ability  within  each  treatment,  participant’s  orienteering  ability  was 
assessed  and  they  were  randomly  assigned  a  treatment  group  prior  to  the  beginning  of  the 
experiment).  Participants  also  filled  out  a  consent  form  (see  Appendix  J)  prior  to  the  beginning  of 
the  experiment. 

Once  these  formalities  were  accomplished,  participants  began  the  task  appropriate  for 
their  treatment.  In  addition  to  the  map,  which  was  common  to  all  three  treatments,  a  clue  sheet 
was  given  to  all  participants  (see  Figure  2).  Participants  were  informed  as  to  the  function  of  the 
clue  sheet  (if  they  did  not  already  understand  it)  and  told  that  unlike  the  map  and  compass,  they 
would  be  allowed  to  keep  the  clue  sheet  for  the  duration  of  the  experiment.  In  addition  to  its 
normal  function  within  orienteering,  the  clue  sheet  in  this  context  would  serve  as  a  reminder  as  to 
the  type  of  feature  located  at  each  control.  The  exception  to  this  was  control  three  which  had  no 
clue  and  would  be  the  focus  of  a  test  of  survey  knowledge. 
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The  CG  participants  were  placed  in  a  room  where  they  could  not  be  interrupted  and  given 
one  hour  to  plan  their  route  through  the  course,  mark  it  on  the  map,  and  commit  it  to  memory.  At 
the  end  of  the  hour,  or  earlier  if  a  participant  decided  he  needed  less  time,  the  map  and  compass 
was  taken  away  from  the  participant  and  he  was  immediately  driven  out  to  the  course  area. 

VE  participants  were  given  the  same  map  with  similar  instructions.  However,  they  were  to 
plan  their  route  with  the  aid  of  the  VE.  Prior  to  being  given  the  map  and  official  time  started,  VE 
participants  were  allowed  to  familiarize  themselves  with  the  navigation  techniques  and  convention 
of  the  VE  by  practicing  them  on  one  of  the  golf  courses  which  came  with  JNG.  This  allowed  them 
to  become  familiar  with  the  mechanics  of  movement  through  the  VE  and  thereby  reduce  the 
added  workload  inherent  in  using  this  additional  tool.  At  the  end  of  the  hour,  the  map  and 
compass  were  taken  from  the  participant  and  he  was  immediately  driven  out  to  the  course  area. 

After  the  initial  Inbrief  and  formalities,  a  RW  participant  was  immediately  driven  out  to  the 
course  area.  As  with  all  participants,  he  was  blindfolded  for  the  final  drive  into  the  course  area  to 
preclude  him  from  surveying  a  portion  of  the  course  prior  to  beginning  official  time.  Once  at  the 
start  point  for  the  course  the  RW  participant  was  given  the  DGPS  to  wear  (to  allow  for  a 
comparison  between  routes  taken  on  training  and  testing  phases)  and  given  one  hour  to  preview 
the  course.  The  participant  was  escorted  for  the  duration  of  the  preview.  In  the  event  time  expired 
while  the  participant  was  still  out  in  the  course  area,  he  was  then  escorted  out  of  the  course  area 
via  a  route  that  would  not  assist  him  in  gathering  anymore  helpful  information  about  the  course, 
and  taken  back  to  the  start  point.  During  this  training  phase,  the  RW  participant  was  also 
expected  to  have  marked  his  planned  route  on  the  map. 

At  this  point,  the  treatment  for  all  three  groups  is  identical  with  the  exception  of  the  debrief 
questionnaire,  which  was  more  extensive  for  the  VE  group.  For  the  testing  phase,  a  participant 
would  wear  the  DGPS  and  position  himself  at  the  start  point.  Prior  to  beginning  the  course  all 
participants  were  tested  on  survey  knowledge  by  asking  them  to  imagine  they  were  standing  at 
control  three  and  to  shoot  azimuths  to  the  finish,  control  six,  and  control  eight.  These  answers 
were  recorded  on  the  back  of  their  map.  Once  this  task  was  complete,  the  map  and  compass 
were  given  to  the  participant,  they  were  told  they  were  at  the  start  point  for  the  course,  and  they 
were  allowed  one  minute  orientation  period.  It  was  expected  that  during  this  time  they  would  orient 
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the  map  and  confirm  their  location  at  the  marked  start,  as  well  as  get  a  little  time  to  reconcile  the 
map  with  his  surroundings. 

Once  the  minute  was  over,  the  map  and  compass  were  taken  back  from  the  participant 
and  he  was  asked  if  he  had  any  questions.  There  were  no  questions  asked.  The  HelmetCAM 
was  turned  on,  the  DGPS  activated,  and  official  time  was  begun.  A  small  chime  emanated  from 
the  130  every  time  a  data  point  was  logged.  This  feedback  helped  to  determine  if  the  DGPS  was 
working.  If  it  failed,  official  time  was  suspended  followed  by  an  attempt  to  re-establish  its 
reception,  and  if  failing  that,  manually  recording  the  participant’s  route  through  the  course  became 
necessary. 

Verbal  interaction  with  the  participant  was  minimal.  When  he  arrived  at  a  control  he 
would  be  informed  what  control  number  it  was.  If  he  strayed  outside  of  the  boundaries  of  the 
course  he  was  informed  that  he  was  out  of  bounds.  He  was  also  given  periodic  time  hacks 
informing  him  how  much  time  he  had  remaining  in  the  hour. 

Participants  progressed  from  control  to  control  in  sequence.  On  a  few  occasions 
participants  accidentally  found  a  control  out  of  sequence.  They  were  reminded  that  finding  this 
control  out  of  sequence  did  not  count  and  that  they  would  have  to  return  to  this  same  control  in  the 
proper  sequence  later  in  the  course.  Instances  of  map  and/or  compass  checks  were  logged  into 
the  130  where  they  occurred. 

The  test  phase  concluded  when  the  participant  found  the  “finish  control”  or  the  allotted 
hour  expired.  At  that  point,  a  direct  route  was  taken  back  to  the  start  point  and  we  immediately 
returned  to  NPS  for  debrief.  Commute  time  to  and  from  NPS  was  approximately  10  minutes  each 
way. 

While  the  data  was  downloaded  trom  the  1 30,  the  participant  filled  out  a  debrief 
questionnaire  (see  Appendix  K).  VE  participants  filled  out  an  additional  questionnaire  (see 
Appendix  L).  Once  the  DGPS  data  had  been  overlaid  on  the  aerial  photo  within  the  computer, 
the  participant  was  debriefed  on  their  course  run.  Unless  the  participant  did  something  unusual, 
the  focus  of  the  debrief  was  on  deviations  from  planned  route  and  frequency  and  location  of  map 
and/or  compass  checks.  The  entire  debrief  was  recorded  on  a  micro  cassette.  A  complete  list  of 
the  equipment  used  in  this  study  can  be  found  in  Appendix  M. 
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B.  MEASURING  WIDELY  VARYING  PERFORMANCE 


As  previously  alluded  to,  performance  measurement  would  be  a  function  of  three  items. 

In  order  for  a  participant  to  be  awarded  a  perfect  result,  he  would  have  to  perform  to  the  following 
standards  during  the  test  phase: 

1.  Find  all  nine  controls  in  sequence  within  one  hour  or  less. 

2.  Stay  on  his  marked  route  within  the  route  tolerances  outlined  in  the  Inbrief 

3.  Perform  items  one  and  two  without  need  of  map  or  compass. 

With  this  as  the  benchmark  for  perfect  performance,  measuring  that  performance  was 
accomplished  by  direct  observation  and  through  using  the  tools  previously  described  in  the 
Implementation  Chapter.  However,  it  became  apparent  that  in  the  case  of  a  participant  not 
finishing  the  course,  a  numerical  penalty  proportional  to  what  the  participant  did  not  succeed  in 
finding,  and  taking  into  consideration  the  relative  performance  of  other  participants,  would  have  to 
be  developed.  Otherwise  much  statistical  comparison  across  the  duration  of  the  course  was  not 
possible. 

In  developing  the  penalty  scheme,  it  was  decided  to  insure  that  the  penalties  that  a 
participant  received  for  failing  to  find  a  control(s)  by  running  out  of  time  (I  called  this  a  default 
error)  was  not  in  excess  of  those  penalties  that  the  participant  had  acquired  while  actively  looking 
for  controls  while  still  within  the  allotted  hour  (I  called  these  active  errors).  This  scheme  was 
meant  to  be  on  the  conservative  side,  by  not  speculating  that  the  participant  would  do  much  worse 
than  the  average  of  the  worst  performing  treatment  group  for  that  control  on  which  he  would  be 
awarded  default  error.  On  the  other  hand,  the  failure  to  find  a  control  could  not  be  ignored,  and 
the  penalty  should  be  at  least  in  part,  quantifiable  by  what  the  participant  had  planned  to  do  but 
failed  to  accomplish.  With  this  in  mind,  the  following  scheme  was  developed  with  default  errors  to 
account  for  when  a  participant  had  failed  to  finish  the  course  for  lack  of  time: 

1 .  Control  on  which  the  participant  was  on,  but  failed  to  find  before 

time  expired 

a)  Default  Map  and  Map/Compass  Checks 

1 .  Use  only  those  map  and  map/compass  checks  that  the  participant 
actually  made. 

2.  Do  not  assign  any  more  to  the  participant  as  a  consequence  of  their 
default. 


The  rationale  here  was  that  it  is  difficult  to  speculate  on  when  and  where  a 
participant  will  ask  to  see  the  map  and/or  compass.  This  fact,  in  conjunction  with  the  possibility 
that  the  participant  could  well  be  on  their  route  and  know  exactly  where  they  are  going  (the  errors 
that  put  them  in  this  predicament  are  from  previous  controls),  makes  assigning  additional  map 
and  compass  check  penalties  harsher  then  what  is  needed  to  at  least  put  this  participants 
performance  on  this  control  into  relation  with  other  participants  (this  is  accomplished  with  the 
distance  off  route  measure). 

On  the  other  hand,  the  participant  could  see  time  expire  while  still  looking  for  this 
control  which  they  have  committed  the  bulk  of  their  map  and  compass  checks  errors  on  (they  are 
lost).  In  this  situation  additional  penalty  map  and  compass  checks  will  not  be  needed  for 
statistical  impact,  as  the  participant  has  likely  already  done  that  actively. 

b)  Default  Distance  Off  Route 

When  time  expired,  the  participant  was  either  on  or  off  their  planned  route.  In  the 
former  case  the  Default  Distance  Off  Route  penalty  will  be  simply  measuring  the  rest  of  their 
planned  route  into  the  control  which  they  did  not  actually  walk  and  assigning  that  as  their  distance 
off  route.  In  the  later  case,  the  participant  is  already  off  their  route.  Depending  on  whether  that 
person  was  on  road  or  off  road  when  time  expired  dictated  the  path  that  was  drawn  to  link  their 
ending  location  with  their  original  planned  route.  Normally,  this  was  the  most  direct  route  from 
their  ending  location  to  put  them  back  on  their  original  route.  The  cumulative  distance  of  the 
inferred  route  and  their  remaining  planned  route  became  the  distance  off  route  penalty  for  that 
control. 


c)  Default  Error 

An  error  under  normal  conditions  (actively  committed),  is  nothing  more  than  a 

deviation  from  the  planned  route.  Data  analysis  revealed  that  their  were  no  instances  where  a 

participant  deviated  from  their  route,  returned  to  it,  and  stayed  on  it  a  while,  and  then  deviated 

once  more.  Once  a  participant  deviated  from  their  original  route,  they  did  not  ever  return  to  it  and 

deviate  once  more.  Thus,  there  are  only  instances  of  one  recorded  error  per  control.  So  if  a 
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person  had  deviated  from  their  route  and  then  time  expired  they  were  assigned  the  one  error  as 
they  would  have  been  otherwise.  If  the  participant  had  not  deviated  from  their  route,  they  were 
still  assigned  an  error  since  they  had  failed  to  complete  their  planned  route  before  time  expired. 

2.  Controls  that  the  participant  was  not  allowed  to  attempt  because 

time  had  expired 

a)  Default  Map  and  Map/Compass  Checks 

In  this  instance,  the  participant  is  not  allowed  to  proceed  onto  this  control(s)  since 
time  expired.  In  order  to  insure  that  this  participant’s  group  was  not  rewarded  for  his  failure  to 
make  it  to  this  control(s)  map/compass  checks  were  assigned  that  were  equal  to  the  average  of 
the  treatment  group(s)  with  the  highest  average  map  and  map/compass  checks.  If  this  average 
was  not  a  whole  number,  then  it  was  rounded  up  to  the  nearest  whole  number  and  that  number 
was  assigned  to  the  participant.  As  an  example:  If  participant  A  had  failed  to  get  to  controls  eight 
and  nine  for  lack  of  time  then  the  highest  treatment  group(s)  averages  for  map  and  map/compass 
checks  for  those  controls  (lets  say  for  control  eight;  .6  map  checks,  0  map/compass  checks  and 
control  nine;  1 .3  map  checks,  .4  map/compass  checks).  After  rounding,  the  numbers  assigned  to 
this  participant  would  be  1  and  0  for  control  eight’s  checks,  and  2  and  1  for  control  nine’s  checks. 

b)  Default  Distance  Off  Route 

This  was  fairly  straightforward  as  the  participant  had  never  even  begun  this 
control(s).  Their  planned  route  for  the  missed  control  was  carefully  measured,  and  since  they  had 
failed  to  walk  any  of  it,  they  had  obviously  been  off  route  here.  Their  planned  route  distance  was 
assigned  as  their  distance  off  route. 

c)  Default  Error 

This  also  was  a  straightforward  assignment.  Since  this  was  also  a  deviation  (the 
participant  had  not  even  begun  to  walk  his  planned  route  for  this  control)  and  all  other  observed 
deviations  had  amounted  to  one  per  control,  it  was  easy  to  justify  assigning  the  participant  an 
error  for  his  failure  to  reach  this  control. 
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Summary 


The  validity  of  the  preceding  penalizing  method  for  participants  that  fail  to  find  and/or 
begin  to  look  for  controls  is  bore  out  by  the  numbers  contained  in  the  raw  data  for  Checks  (see 
Table  1)  and  Total  Distance  Off  Route  (see  Table  2). 
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Table  1.  Controls  Found  vs  Active  and  Default  Checks 


lliE 

lilH  j^ig^ 

~r%K  n'*""  v  ■  j?*  -  v-~  •■»  f  ,  ,  i 

BSBYiT.T!^Bi  BMMi  ttHT>Tm 

MPHP  iMfCTMP  tSSMKWMSm 

tmmmmmm 

m 

p 

s 

» 

(>M 

■MBK9 

inaanMa 

med^mmmmqm 

■□■■EiESMHDSMIMMIC^MEMMMSMMMj 

m^smwmwm 

mm  mm  wmzzmpi  Baass-TTwag 

WBlSM 

pssryqi^TS  £;;?  ■■ 

mmatmuism 

HnnSS3Sn  MME^M  MEME 

MKj^HHMMEM 

MOM  MCSIIM  MMEMM  MMHIilMIMIIIME^MMM 

■MDMMMSlM 

■iiit],.i[-,,.inn^g^MM^M 

memmemm 

■MIOMM^ai 

B355BSEEI  MMEMM  ^BEME 

HEI^MMMMGM 

MEM  EMEIIMI EEM  MRKEEHMI MMIKE3MMMI 

gflg»jgEi  mmmm 

WSl^SM  SOB  WkWi 

'wasmEtmim 

BSESBSSEl  l#  •  Wffl 

HEES3M  HOE  mm 

EjjnsiSSEI  HEMES  BS5SJB 

BSHB 

&E£$  WSEZ2m&Wm&MBB&  MB^USSM 

U7JZZZZ?7^^Z&£Z£1  m  ITS 

mMxmmmm 

HSFKMMMM 

f^s&wfflggaaa  MT"'1Wff  EBTlfflff 

WBZ^mmmsm 

mm  MEEBBM  wr^ea 

M.i’i'Iiii'MEMM 

bmmmmmmmqm 

EESaMMyMiiRB 

■JMMiiTTMMEaBMI^MEaMMMMEEEMM 

Table  2.  Controls  Found  vs.  Active  and  Default  Distance  Off  Route 


37 


38 


VII.  RESULTS 


The  results  described  here  are  a  two-way  MANOVA  of  ability  and  study  group  on 
individual  dependent  variables.  The  graphs  in  this  section  indicate  the  CG  as  Control,  and  the 
RW  and  VE  groups  as  they  have  been  previously  labeled.  Error  bars  indicate  the  standard 
deviation  for  each  group.  Successful  training  transfer  is  best  illustrated  by  superior  performance  in 
the  testing  phase  of  the  experiment.  The  three  training  conditions  are  compared  across  multiple 
factors  to  determine  if  the  VE  condition  was  effective  as  compared  to  the  alternative  training 
methods. 


A.  TOTAL  CHECKS 


Study  group  had  little  effect  on  Total  Checks  (P=.7928,  F=.241 ,  df=2).  The  relationship 
between  ability  and  Total  Checks  (P=.1836,  F=2.278,  df=2)  is  unclear  (see  Figure  5). 

Interaction  Bar  Chart 

Effect:  Ability 

Dependent :  Total  Checks 

Vith  Standard  Deviation  error  bars. 


Figure  5.  Ability  Group  and  Total  Checks  (Active  and  Default) 
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However,  there  was  an  interaction  between  study  group  and  ability  on  Total  Checks 
(P=.0363,  F=5.270,  df=4,  see  Figure  6).  Increased  confidence  for  the  RW,  through  training  in  the 
actual  environment,  leads  to  fewer  map  checks.  As  expected  the  CG  seems  the  least  confident. 
What  is  interesting  though  is  the  proximity  of  the  VE  to  the  RW  group  within  the  larger  sample  size 
of  the  intermediate  ability  group. 


Interaction  Bar  Chart 

Effect :  Study  Group  f  Ability 

Dependent  :  Total  Checks 

Vith  Standard  Deviation  error  bars . 
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Figure  6.  Total  Map/Compass  Checks  over  Entire  Course 


B.  TOTAL  DISTANCE  OFF  ROUTE 


Similarly,  the  results  for  study  group  and  Total  Distance  Off  Route  shows  little  effect 
(P=.9994,  F=.001,  df=2).  However,  this  time  there  is  a  pronounced  effect  for  Ability  on  Total 
Distance  Off  Route  (P=.0073,  F=1 2.450,  df=2,  see  Figure  7). 
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Interaction  Bar  Chart 
Effect:  Ability 

Dependent :  T otal  Distance  Off-Route 
Vith  Standard  Deviation  error  bars. 


Figure  7.  Total  Distance  Off  Route  by  Ability  Group 


As  in  Total  Checks,  there  is  a  pronounced  interaction  between  ability  and  study  group  on 
Total  Distance  Off  Route  (P=.0285,  F=5.874,  df=2,  see  Figure  8). 


Interaction  Bar  Chart 
Effect :  Study  Group  *  Ability 
Dependent :  Total  Distance  Off-Route 
Vith  Standard  Deviation  error  bars. 
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Figure  8.  Total  Distance  Off  Route  Over  Entire  Course  by  Study  and  Ability  Groups 


There  was  no  unusual  behavior  regarding  the  number  of  checks  a  participant  made  in 
relation  to  the  distance  they  were  off  their  route.  As  one  would  expect,  the  farther  a  participant 
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perceived  he  was  off  his  route,  the  more  likely  he  was  going  to  make  a  check  (P=.0001 , 
F=70.033,  df=1,  see  Figure  9). 

degression  Plot 

Dependent:  Total  Distance  0ff~Rcute 


Figure  9.  Number  of  Checks  as  Related  to  Distance  Off  Route 


Preliminary  indications  are  that  the  real  world  condition  may  exhibit  high  performance 
across  ability  levels  through  most  of  the  testing  phase  (see  Figure  10).  But  performance  may 
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Figure  10.  Treatment  Group  Distance  Off  Route  by  Control 
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drop  off  dramatically  over  time  because  these  participants  may  have  had  more  difficulties  during 
the  training  phase  in  covering  the  entire  course.  The  tendency  of  the  more  skilled  participant  to 
catch  his  error  earlier  is  confirmed  (P=.0854,  F=3.812,  df=2)  by  the  Total  Distance  Off  Route 
divided  by  the  number  of  instances  of  deviation  off  that  route  (see  Figure  11).  Advanced 
participants  caught  their  errors  faster  then  all  other  ability  groups  and  corrected  them  resulting  in 
less  deviation  off  of  planned  route.  Beginners  were  the  slowest  to  catch  and  correct  their  route 
deviations. 

Interaction  Bar  Chart 
Effect :  Ability 

Dependent :  Total  Distance  /Total  Errors 
Vith  Standard  Deviation  error  bars. 


Figure  11.  Ability's  Influence  on  Error  Detection  and  Correction 
C.  TOTAL  ERRORS 

Study  group’s  effect  on  Total  Errors,  which  again  were  a  measurement  of  discrete 
instances  of  deviation  from  planned  route,  was  not  significant  (P=.8508,  F=  .166,  df=2).  There 
was  a  weak  effect  for  ability  on  Total  Errors  (P=.201 9,  F=2.1 1 4,  df=2)  and  a  modest  interaction 
between  ability  and  study  group  on  Total  Errors  (P=.1421,  F=2.6,  df=4,  see  Figure  12). 
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Interaction  Bar  Chart 

Effect :  Study  Group  *  Ability 

Dependent :  Total  Errors 

Vith  Standard  Deviation  error  bars. 
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Figure  12.  Total  Errors  and  Interaction  between  Ability  and  Study  Groups 


D.  CONFIDENCE 


Confidence  may  be  inferred  by  an  examination  of  Planned  Routes  and  their  relative 
difficulty.  Under  most  circumstances  the  most  direct  route  to  a  control  was  the  most  aggressive. 
There  was  little  effect  between  ability  and  aggressiveness  of  Planned  Route  (P=0.9241 ,  F=0.080, 
df=2,  see  Figure  13). 
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Interaction  Bar  Chart 
Effect:  Ability 

Dependent:  Avg  Planned  Route 
Vith  Standard  Deviation  error  bars. 


Ability 


Figure  13.  Aggressiveness  of  Planned  Route  by  Ability  Group 

Training  condition  modestly  effected  Planned  Route  was  by  (P=0.136  F=2.834,  df=2,  see 
Figure  14)  and  showed  that  the  real  world  participants  felt  more  confident  than  others  and 
consequently  planned  more  aggressive  routes. 

Interaction  Bar  Chart 
Effect:  Study  Group 
Dependent :  Avg  Planned  Route 
Vith  Standard  Deviation  error  bars . 


Study  Group 

Figure  14.  Aggressiveness  of  Planned  Route  by  Study  Group 


On  the  other  hand  over  confidence  created  by  having  seen  and  planned  most  of  the 
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course  at  a  manageable  pace  with  direct  aggressive  routes,  leads  to  an  overly  aggressive  route 
being  selected  for  a  control(s)  when  there  is  not  enough  time  to  familiarize  oneself  with  the 
route(s)  to  the  same  degree  that  was  done  earlier  in  the  course.  So  for  those  participants  who 
hastily  completed  the  end  of  the  course  during  training  in  the  real  world  condition,  the  latter  part  of 
the  testing  phase  was  even  more  difficult  than  the  map  only  treatment  group  who  would  have 
carefully  planned  a  more  conservative  route  consistent  with  earlier  routes  (see  Figure  15  for 
aggressiveness  of  route  and  Figure  10  for  distance  off  route). 


RW  Group 


Control  Group 

VE  Group 


Anecdotal  comments  by  participants  while  doing  the  course  and  in  the  later  debrief  show 
route  choice  is  a  complex  function  of  confidence,  experience,  and  perceived  difficulty.  Its 
influence  on  performance  is  not  clear  here,  with  participant  comments  shedding  some  light  (see 
Discussion),  but  it  is  an  area  that  requires  further  study. 
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VIII.  DISCUSSION 


The  fact  that  ability  level  had  a  greater  effect  on  performance  than  training  method  is  no 
surprise.  Previous  studies  by  the  Army  Research  Institute  have  documented  this  fact.  The  criteria 
used  to  qualify  an  advanced  participant  effectively  restricts  this  classification  to  people  who  for 
sake  of  their  highly  specialized  skills,  experience,  and  recent  continual  practice  could  be 
considered  “professionals”.  These  criteria  restrict  the  advanced  ability  group  to  a  very  small 
subset  within  the  set  of  people  who  can  use  map  and  compass  to  navigate.  This  includes  all 
military  personnel  who  though  they  may  have  received  extensive  training  and  later  practice,  are 
not  trained  to  do  the  type  of  fine  detailed  map  reading  and  precise  navigation  required  in  this 
study. 

This  is  not  alarming  as  it  is  assumed  that  the  target  audience  for  this  work  (even  highly 
trained  special  operations  personnel)  would  be  considered  intermediates  and  beginners  by  this 
classification  scheme.  However,  it  facilitated  comparison  to  have  a  high  bench  mark  to  show  what 
was  possible  among  a  group  of  highly  trained  and  experienced  people.  The  ability  of  participant 
four  to  have  navigated  the  course  with  such  skill  after  studying  the  map  for  less  than  an  hour  was 
amazing.  This  skill,  it  was  later  found  out  through  conversation  with  another  member  of 
participant  four’s  Orienteering  Club,  is  regarded  as  exceptional  within  his  club.  The  ability  to  take 
a  two  dimensional  representation,  identify  the  relevant  cues  in  which  to  plan  a  precise  route,  and 
then  walk  that  route  within  the  previously  described  tolerances  while  having  to  make  only  one  map 
check  and  only  one  error  over  2,000  meters  is  extraordinary.  No  other  participant  in  the  Control 
Group  approached  this  performance,  and  with  one  exception,  the  same  could  be  said  for  the  well 
trained  Real  World  Group.  This  skill  level  represents  an  unusual  ability  and  not  likely  a  skill  level 
that  could  be  duplicated  with  training  (since  equally  well  trained  and  experienced  participants  from 
that  participant’s  Orienteering  Club  do  not  match  this  his  map  assimilation  skill). 

Advanced  participants  make  fewer  errors  and  are  better  able  to  recover  from  them  once 
made.  This  is  likely  due  to  their  ability  to  use  redundancy  in  navigational  cues.  While  beginners 
might  use  one  cue  to  distinguish  a  route  change  point,  an  expert  will  likely  have  a  hierarchy  of 
cues  with  which  he  checks  at  every  route  change  point.  There  will  be  the  primary  cue  that 
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confirms  vicinity,  closely  followed  by  supporting  cues  that  confirm  that  the  primary  cue  truly 
indicates  that  this  is  the  desired  point.  This  redundancy  allows  for  greater  error  checking  and  by 
continual  checking  while  on  the  new  route,  quick  identification  of  errors  are  made  once  they  occur. 
This  reduces  the  most  common  error,  the  parallel  error,  which  beginners  are  apt  to  make 
repeatedly. 

The  course  was  set  such  that  there  were  numerous  opportunities  to  make  parallel  errors. 
As  expected,  many  of  the  errors  observed  were  of  this  type.  It  is  not  clear  whether  or  not  the  VE 
helped  prevent  this  type  of  error.  It  is  suspected  that  that  this  VE  was  of  marginal  utility  in 
preventing  parallel  errors.  In  part  this  is  due  to  the  “hole”  view  aspect  limitation  of  the  VE,  which 
precluded  seamless  and  rapid  reorientation  to  many  viewpoints  surrounding  the  likely  parallel 
errors  on  a  given  control,  and  the  fact  that  most  intermediate  participants  were  not  sophisticated 
enough  to  consciously  plan  routes  to  avoid  making  a  parallel  error. 

The  VE  clearly  precluded  misinterpretation  of  map  symbols.  This  was  determined  in  the 
debrief  and  is  most  evident  on  control  four  (see  participant’s  3  and  12’s  maps  in  Appendix  N). 
Since  the  VE  portrays  the  terrain  in  three  dimensions,  no  VE  participant  made  the  same  error 
made  by  at  least  two  Control  Group  participants.  This  error  was  a  misreading  of  the  contour  lines 
(the  depression  containing  control  4  was  read  as  a  hilltop).  It  could  be  argued  that  this  depression 
is  poorly  represented  by  lack  of  prominent  tick  marks  on  the  lowest  contour  line.  However,  this 
error  was  not  made  by  the  advanced  or  the  beginner  participants.  This  underscores  the  fact  that 
maps  by  their  higher  level  of  abstraction  and  reliance  on  symbols,  are  much  easier  to  misinterpret 
than  a  three  dimensional  representation,  especially  when  there  is  a  time  constraint,  and  the  work 
load  is  non-trivial. 

The  RW  condition  did  not  do  as  well  as  anticipated.  I  suspect  this  to  be  a  function  of  two 

things: 

1 .  That  by  having  to  walk  the  course  and  plan  for  the  subsequent  test,  time  compression 
occurred  on  the  last  two  controls.  As  previously  mentioned  this  led  to  planning 
judgment  errors  where  an  overly  aggressive  route  was  planned  in  context  with  the 
amount  of  time  remaining  to  commit  that  route  to  memory. 

2.  By  having  to  actually  “Orienteer”  the  course  during  the  training  phase  (given  the  map 
immediately  preceding  the  start  of  that  phase)  less  experienced  participants  may  not 
have  taken  the  time  to  carefully  study  the  map  and  choose  a  deliberate,  carefully 
executed  route  in  context  with  the  unique  information  provided  on  the  orienteering 
map. 
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This  last  condition  was  most  manifest  on  participant  one.  Who  though  a  beginner  in 
orienteering,  choose  aggressive  advanced  level  initial  routes.  This  was  due  is  in  large  measure  to 
his  preferred  technique  of  using  map  and  compass  for  dead  reckoning  routes  to  large  easily 
identifiable  features  while  hiking  in  the  mountains.  As  previously  discussed,  this  method  is 
suitable  for  covering  great  distances  where  route  precision  and  knowing  exactly  where  you  are  at 
all  the  time  is  not  required.  However,  when  this  method  is  employed  against  small  features  (like  a 
1x1  meter  pit)  on  an  unfamiliar  finely  detailed  map,  it  is  easy  to  walk  right  by  the  feature  you  are 
looking  for  or  repeatedly  misjudge  distance.  This  is  exactly  what  happened  to  participant  one  who 
never  was  able  to  find  control  2.  His  usual  method  of  moving  around  more  in  the  hope  of 
bumping  into  the  control  (feature)  did  not  work. 

Participant  one  also  illustrates  the  connection  between  early  failure  in  navigation,  its 
influence  on  confidence,  and  in  turn  probability  of  later  success.  By  failing  to  find  control  two  within 
the  first  15  minutes,  participant  one’s  confidence  was  shaken.  Continued  failure  resulted  in 
diminishing  confidence  where  he  began  to  question  his  analysis  and  ability  to  visualize  the  terrain. 
He  was  quite  experienced  in  non-orienteering  form  of  navigation  described  in  the  last  paragraph, 
but  early  failure  made  him  question  his  fundamental  abilities  in  the  test’s  context.  His  inability  to 
recover  from  the  early  error  and  attempt  a  new  method  or  gather  a  new  appreciation  for  the  map, 
was  in  many  ways  related  to  his  diminishing  confidence. 

This  is  not  an  unusual  phenomena,  even  advanced  orienteers  expect  to  go  through  an 
initial  familiarization  phase  in  which  the  information  provided  by  the  map  is  “fit”  by  direct 
experience  to  the  actual  environment.  Early  success  creates  confidence,  which  in  turn  positively 
influences  the  chance  for  future  success.  Conversely,  early  and  protracted  failure,  can  diminish 
confidence  and  lead  to  doubting  map,  and/or  abilities  in  this  new  environment.  Perhaps  the  VE  by 
giving  a  3D  representation,  used  in  conjunction  with  a  map  for  training,  can  help  reduce  the 
learning  curve  in  that  initial  map/environment  correlation  phase.  Thus  reducing  the  chance  of 
early  error  and  as  important,  increasing  confidence  before  going  into  an  unfamiliar  environment 
where  the  fear  of  getting  lost  (especially  upon  first  entering  the  environment)  is  very  real  for  all 
ability  levels. 
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The  utilization  of  a  VE  with  a  map  used  to  familiarize  a  navigator  prior  to  going  into  the 
actual  environment  may  actually  improve  performance  since  they  require  the  development  of  a 
method  or  discipline  in  planning.  In  the  case  of  the  Real  World  Group,  their  opportunity  to 
experience  the  environment  directly  while  planning  could  foster  a  “I’ll  run  there  and  see  what  I  see 
enroute"  plan  which  could  be  very  inefficient  and  lead  to  many  time  wasting  errors.  As  already 
indicated,  their  early  success  with  aggressive  direct  routes  later  shaped  their  route  choice  for  the 
final  control,  which  for  many  of  them  due  to  a  lack  of  time,  was  not  experienced  in  the  training 
phase  to  the  same  extant  as  earlier  controls. 

Habit  is  another  potential  vice  that  could  be  recognized  and  consciously  accepted  or 
rejected  through  training  in  a  VE.  One  participant,  a  helicopter  pilot,  chose  many  direct  routes  in 
spite  of  the  fact  that  he  was  part  of  the  Control  Group.  What  had  worked  for  him  as  a  pilot,  where 
point  to  point  navigation  without  much  regard  for  minor  ground  features  is  normal,  would  not  work 
on  this  course.  Direct  azimuths  with  pace,  as  participant  one,  and  perhaps  one  or  two  features 
along  the  way  for  route  confirmation,  was  not  successful  in  a  test  such  as  this  where  an 
abundance  of  opportunities  for  parallel  error  would  play  havoc  with  anyone  who  did  not  foresee 
potential  errors  and  sought  to  eliminate  them  through  using  multiple  features  for  route 
confirmation.  The  VE  could  be  provided  with  an  intelligent  tutor,  which  could  appraise  the 
environment  within  the  context  of  what  the  user  sought  to  do,  and  suggest  various  courses  of 
action  by  displaying  them  and  spotlighting  the  cues  and  those  that  have  the  potential  to  be 
mistaken  for  the  correct  cue. 
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IX.  CONCLUSIONS 


A  sport  orienteering  study  was  presented  that  investigates  the  utility  of  VEs  as  a  training 
tool  for  natural  environment  familiarization  beyond  what  is  possible  with  a  map  alone.  In 
conclusion: 

1 .  Ability  level  is  more  important  to  navigation  performance  than  training  method. 

2.  Intermediate  users  benefit  more  from  the  VE  training  method  than  either  advanced  or 
beginner  users. 

3.  The  VE  allows  for  time  compression  in  training,  allowing  more  area  to  be  traversed  in 
a  shorter  amount  of  time  than  would  be  possible  in  physical  reality. 

It’s  believed  that  the  VE  allows  intermediate  users  to  develop  more  redundancy  in  the 
cues  they  use  while  navigating.  Anecdotally,  this  was  confirmed  by  some  intermediate  participants 
who  remembered  using  the  small  grove  of  large  oak  trees  immediately  beyond  control  4  as  their 
reference  point  for  finding  that  control.  Their  less  developed  ability  to  visualize  the  terrain  directly 
from  a  map  is  where  the  VE  has  its  greatest  impact  in  making  vivid  what  otherwise  might  be 
overlooked  or  even  omitted  on  a  map. 

Advanced  orienteers  have  such  highly  developed  abilities  in  terrain  visualization  from 
maps  that  the  VE  does  not  seem  to  offer  them  much  that  they  do  not  already  possess.  However, 
the  increased  workload  on  such  a  participant  by  having  to  navigate  through  a  VE  and  refer  back  to 
a  much  more  familiar  map,  may  impair  their  performance.  The  one  advanced  participant,  who  did 
the  VE,  remarked  that  is  was  helpful  for  visualizing  the  control  within  the  context  of  its  immediate 
surroundings,  but  not  very  helpful  beyond  that.  Orienteering  maps  are  very  precise  and  allow 
experts  to  navigate  by  many  cues  simultaneously. 

A.  FUTURE  WORK 

This  study  was  not  designed  to  answer  all  questions  about  the  utility  of  VEs  to  navigation 
training  in  the  natural  environment.  Having  established  that  their  is  some  utility  to  the  properly 
scaled  and  configured  natural  environment  VE,  future  work  should  look  at  how  VEs  can  be 
optimized  for  training  navigation  and  creating  user  familiarity,  and  where  certain  cases  demand  it, 
an  almost  complete  user  knowledge  of  the  represented  environment.  This  experiment  should  be 
extended  by  adding  new  conditions  altering  the  fidelity  of  the  interface  as  well  as  the  environment 
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itself.  Also  method  of  information  presentation  such  as  sequence,  toggling  features  on  and  off,  a 
built  in  compass  that  presents  the  user  with  the  bearing  where  his  view  is  currently  directed,  a 
measuring  tool  and  virtual  pedometer  for  facilitating  distance  to  and  traveled  while  in  the  VE  are 
some  of  the  technical  improvements  that  could  be  made  to  improve  training  transfer. 

The  objective  is  to  determine  if  the  use  of  VEs  is  a  practical  augmentation  to  conventional 
map  study  techniques  used  by  today’s  military.  These  early  results  encourage  further  investigation 
of  VEs  for  navigation  training  towards  the  the  development  of  usable  systems  that  can  be 
deployed  in  a  variety  of  settings  and  application  areas. 
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607  cut-oT-bounds  sea 

rti  ou  Vat-bounds  area,  see  also  synbol  is  draun  ulH  verlcal  stipes. 
Colour:  purple. 

608  Daigerous  sea 

rti  area  presen  mg  danger  to  a  oompettor 
Colour:  purple. 


r  *  >  o<^ 

s.o r  o.s? 

0j+  1.0 
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609  Forbidden  route 

A  route  union  is  cu  vat-bounds. 

Colour:  purple. 

610  First  sld  post 

Ttie  looalon  ota  irslald  point, 
colour:  purple. 

61 1  Ret  esttn  ent  point 

The  looalon  at  a  reteshm  ent  pdn  1  union  Is  nol  al  a  ccn  td. 
Colour:  purple. 


International  Sp@eifieati@n 
for  ©riemtesriinig  Maps 


1  INTRODUCTION 

onenteenng  Is  now  a  uortduide  sport  Acommcn  approach  to  me  titerpretalion  and  draun« 
crlenteerngmapslsessenldtortair  com  pellon  an  dice  Hetutireeipanslcn  ot  tie  sport  Ills 
am  ol  He  nternalonal  Spedloalon  lor  Orienteering  W&ps  to  provide  amapspedloaton  union 
accommodate  tie  uidelyvafyngsmalonsHdlterenloounides.  These  spedlralions  should  be  r 
In  ccnji  notion  utin  tie  basic  mles  tor  orienteering  ccmpetnbns.  D&ualons  arepeimlssabie  only 
tiesandon  ol  tie  n  atonal  map  committee.  For  nternalonal  even  is  and  ttbild  Cup  races  s 
soiclcn  musibegvenbyHe  DF alter  consultation  ulti  tie  DF^bp committee,  Tnerelsasepa 
spedloalon  Id  shl-orlenleer log  maps. 


:  wVw'HIlKnwtti  iM>  llr*+ 
InJfifftcfom  .*V  .”; 

*4Hm nee  Iran  c<fin>iox«nR‘'; 
:V  orlcngti  fHe;  .V*‘v  *.•  ■’ 
•; * i ;  ■.  v ; 

’•  (ft - vjrt> do  ifcmi  fc  d  K> tkci h ■; ; - 


2  GENERAL  REQUIREMENTS 
2.1  Orienteering  and  themap 

Orien  teertn  g  Is  a  spon  in  union  tie  run  ner  com  ptetes  a  ecu  rse  ot  con  tol  pdnts  In  lie  sn  ortestposi 
tme,  aided  only  by  map  and  compass.  As  in  all  terms  ol  sport  II  Is  necessary  to  ensure  tiat 
ccn  dllons  ol  competition  ere  me  same  ter  all  com  pettier s.  me  m  ere  accurate  ti  e  map  me  teller 
ooi  be  don  e,  and  ti  e  greater  ti  e  opporti  nltylor  ti  e  course  plan  ner  to  sel  a  good  and  talr  cour< 

Rom  tie  com  peltecs'  pon  1  ol  xte  ut  a  detailed  and  tegbte  map  Is  a  relable  guide  tor  on  dee  otre 
andltenades  Him  lo  navigate  along  a  route  diosen  as  sullnghlsnavtgalond  shll  andrunnhgab 
However,  shill  ki  route  choice  loses  all  m  eanln  g  11  lie  m  ap  is  nol  a  tue  pfdi  re  ol  ti  e  gcu  nd  - 11 
inaccurate,  oul-oVdaleor  at  poor  legblity 

rti  yfiln  g  union  bars  progess  Is  essen  Id  H  term  olton  -  dllK,  waler,  dense  ti  Ichet  Tti  e  pati  an  d  1 
neluwrh  shows  unere  tiegdngandnavigaion  Is  easiest  Adetaieddasstltoalon  ol  He  degee 
nin  (tan  ce  or  good  gdn  g  heps  tie  com  pellor  to  m ahe  tie  rigi  1  dedstons.  Orten  teerlng is  Irsl  ol < 
naxlgatebym ap  readfi  g  Ai  accu  rate mapls  ti er etcr en ecessarytora  good oi d ettedveroute chc 
No  com  petnor  sh  cold  gain  an  advantage  or  s  utter  a  dlsad  van  tage  because  ol  taulls  on  me  map 

The  dm  ot  ti  e  course  ptann  er  is  a  ecu  rse  unere  tie  deciding  lactor  in  me  results  ull  be  navlgat 
shill  This  oan  be  achieved  onlyll  ti  e  map  is  su  Aden  ly  accu  rate,  com  plete  and  reliable,  and  is 
dear  an  d  legible  u  nder  oompetlon  condllon  s.  Hi  e  belter  He  m  ap  H  e  ecu  rse  plain  er  h  as,  H  e  ge 
Hechancehehas  otsetlnggoop  idr  courses,  uneHer  tor  He  elte  or  lor  He  novice. 

Grealdetallcn  Hemap  otters  the  plan  nermanyteatires  ter  controls.,  and  hence  enables  him  tocht 
good  legs,  varyoonlrol  sites  and  died.  Hat  He  contds  are ooireclty  placed  on  He  map. 

Contds  are  Hemoslhiportanlbulldngblochsol  a  course.  Choice  ol  sites,  pladigotltiemaih 
chechlng  H  etr  posilcn  s,  and  loosing  contots  in  com  pellon,  al  pu  idem  ttedem  ands  on  H  e  map 
map  mu  si  give  a  complete,  accurate  and  detailed  pldi  reol  He  terrain.  For  an  Hiernalond  eva 
musl  be  up-to-date  In  al  parts  union  could  alteciHeendiesullol  He  com  pellon.  mils  nolup-to-* 
llmust  be  Improved. 
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LOW  6 RE B 


U* 


IhlU-HK-F, 


Hill 

S5  o.h  a? 


528  Settlement 

Houses  end  gardens  end  oner  bull  up  areas.  Hoads,  tu  Wings  and  oHer 
sign  nioanl  lean  res  WH  h  a  setiem  en  1  musi  be  shown,  nail  txi  lldlngs  can  nol 
be  sh  own  an  diem  adve  syn  bo!  plat*  line  screen  33*  25 I  bm )  maybeu  sed. 
Cdair:  green  90*  and  yellow  100* 

529  Perm  anenUy  out  of  bounds 

Aeas  unicti  are  perm aneniy  forbidden  lotie  runner  are  sho  un  as  oulol 
bounds.  Thescreen  K  superhiposed  on  fiencrmal  mapdeleil.  Abcundhg 
line  maybe  draw  inhere  is  no  natiral  boundary 
Colour:  blacft  or  purple. 


ai2 5 


530  Parting  sea 

A pawd  asphalt  or  otier  surfaced  area  lor  parting  or  otier  purposes. 
Colour:  blacA  endbroun  90  -  100*  (40  lines  fcm). 


Absduleheigil  accuracy  Is  olinie  sign  licence  on  an  orten  leech  g  map  on  lie  otier  hand 
Important  Haiti  e  map  shows  as  coiredly  as  possible  tie  relalwhdghl  dlterence  belween  ne 
touring  leaties. 

rtxuraierepfesenlatonolshepels  cl  geallmportance  tor  to  erunner,  because  a  correct  detailed 
scm  elmes  exagger ated  ploti  re  ol  tie  Ian  dlor m  Is  an  essentalprecondlon  lor  m  ap  readh  g  Howe 
tie  hdu  slon  ol  a  lol  ol  small  detail  must  not  dsgj  ise  tie  owral  shapes.  Era  uin  g  accuracy  Is  d  prim 
importance  lo  anymap  user  because  Ills  doseiyconneded  wlti  tie  relltolltyol  tie  Inal  mapi 

As  a  genef al ru  le,  tiese  specilicaion s  sh  ou  U be  loliowed  dosely  Ho  w&xef.  uii  en  dra  wti  g  a  surw 
lean  re,  conslderatcn  mu  si  be  gwn  lo  lls  Immediate  surroundngs,  and  In  order  lo  improve  legt 
de\4atons  Horn  He  spedted  me  uidtis  can  be  ideraled -  see sedon  a  2. 

2.4  Generalisation  and  legibility 


531  Rdn 

The  groun  d  plan  d  a  ruin  is  sh  own  lo  scale,  to  un  lo  ti  e  min  in  urn  size  sho  un 
3  □:  min  p  opposite,  wrysmai  rubs  maybe  drawn  uim  a  sdld  in e. 

Cdour:  blac*. 

532  sports  Uacl 

Trie  pan  ola  spons  tad.  is  shown  lo  scde  ulti  v«  low  superimposed- 
Cdour:  btacfc  ulti  yellow  and  br  brown. 

533  Firing  raige 

Aim  g  ran  ge  Is  sho  un  ulti  a  special  syn  bol  lo  indoate  to  e  need  icr  caulton. 
0  Associated  bulldngs  are  indMdualy  m  arKed 
Cdour:  blacfc. 


534.  Graue 

A  dsinctgraw  marked  by  a  stone  or  shrine.  Looalon  Is  al  tie  oenlie  ol 
gaxfl  yol  Ihe  synbd,  wh  fch  is  or  len  taled  lo  n  orti.  Acemeiery  is  sh  own  by 
o_t-a3  o.m  u$|ng  synods  as  space  permit. 

Cdour:  blac*. 


535  Crossable  pipeline 

5  A  lAir  Aplpeline  (gas,  water,  dl.eftx)  above  groun  dlevel  will  oh  can  be  crossed  owr 

"T  4v  2’  or  under. 

215  Cdour:  blacfc. 


■5  0.6 

ai?9 

25 


536  Uncrosatole  pipeline 
Aplpelne  which  cannot  be  crossed 
Cdour:  blacfc. 


537  High  tower 

0.$  Ahign  tower  stan  dng  above  tie  leva  dtiesurrcundng forest  Localcn  Is  al 

8-+-O.I75  HeoenteolgaMtycIHesynbd. 

Cdour:  blacfc. 


Good  crlen  leeitn  g  tor  rain  conlalns  a  large  nu  mber  and  a  geal  varteiyol  teati  res.  Those  unicft 
m  osl  essenllaMcr  ihe  run  ner  In  oompellon  mu  si  be  s  elected  and  presen  led  on  ti  e  crlen  teerh  g  n 
To  ach  lew  ti  Is,  In  sudi  a  wayti  al  He  m  ap  Is  tegble  and  easyto  interpret  cartogaphlcgenerallsa 
musi  beempoved.  There  are  iu»  phases  ol  generalisation  -selective  geflerdlsaton  andgra 
generation. 

select  ve  generalsalcn  Is  tie  dedslon  as  lo  uhlch  details  and  teati  res  should  be  presented  on 
m  ap.  Two  1m  porlan  1  consider  alons  con  tfcule  to  ti  is  decision  ■  ti  e  importer  ce  ol  tie  leatare  tom 
runners'  pdnloiyewand  ns  mtuenceon  tieleglbiinyot  tie  map.  These iwo  conslderalons 
som  elmes  be  incompalble,  bu  1  tie  dem  and  tor  leg  Wlltym  u  si  never  be  relaxed  in  order  to  peser 
excess  ol  small  details  and  features  on  He  map  Therefore  II  ull  be  necessary  al  tie  survey  slac 
adoplmlnlm  um  sizes  lor  m  any  ly»s  ol  delal.  m  ese  m  h  Imu  m  stees  m  ayvaryscm  eufi  allrom  on  el 
toanotier  accordngio  He  amcunlol  detail  h  queslon.  However,  consistency  Is  oneolHe  r 
Importanl  gj  allies  ol  He  orienteering  map,  and  iherelore  He  same  sdedw  criteria  musi  be  u 
HroughoulHemap. 

Graphic  gen erallsalon  oan  greatly  attecl  ihe  ctarflyoi  He  map.  amplloaton,  dspacemenl 
exaggerafon  are  usedlolhls  end. 

Legblltyrequlres  1  hal  He  slzeolsyntols,  line  Hlcfcnesses  and  spacing  belween  lines  be  base 
H  e  perceplon  ol  nomi  al  sigil  In  dayighl.  In  demising  syn  bds,  all  factors  exoepl  He  dlstan  ce  belu 
neigi  bou  rH  g  syn  bds  are  con  sldered 

The  ste  ollhesmaleslteatire  ulilcli  ull  appear  on  He  map  depends  parllyon  Hegaphtoqua! 
ol  He  syntol  (shape,  formal  and  cdour)  and  parly  on  Ihe  posltcn  ol  neighbouring  syn  bds. 
Immedatelyneigi  bourn  g  teat  res,  which  fate  up  more  space  on  He  map  Han  on  ihe  gound, 
essenilallhai  ihe  coiredrelalon  ships  between  Hese  and  oner  nearbyteafii  res  are  also  main  tali 


3  MAP  SPECIFICATION 


533  small  to  war 

1 0  An  obxlous  sh  oolng  platform  or  seat  or  sm  all  tower  (or  a  Hg.  polnl  in  som e 

V”l^)  0  m  ecu  nines).  LoMtcn  is  at  He  cent  eolgaiviiy  01  me  synbd. 

Cdour:  blach. 


3.1  Seal  e  and  vatical  interval 

The  scale  tor  an  orienteering  map  K  1:  id  000  ulH  a  5hi  oonlcu  r  h  tervaL  h  tat  lenam  a  contour  hie 
ol£9n  maybe  used. 
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—  — 

0.5 


0.5 

tr.  0.IT5 


505  Vfehlde  track 

A  tack  cr  poorly  m  ah  lain  ed  road  sullaHe  lor  vehicles  cn  ly  uhen  tauellng 
slowly  VUdh  les-s  han  oa  3  m. 

Colour:  black. 

506  Foopstn 

A  large  path,  cr  cid  -Metikde  tad.,  which  is  dlsindon  fro  gound. 

Odour:  black. 

507Smdipam 

Asmal  pain  or  pemporarv)  bresiextacton  tack  which  can  be  ttlowedal 
ccmpellai  speed. 

Odour:  black. 

90S  Leesdlstlnctsmdi  patn 
A  less  dsind  small  pah  or  lor  esty  evasion  irack. 

Odour:  black. 

509  Narrowrlde 

A  dsind  ride,  less  Man  oa.  5  m  ulde.  A  ride  Is  a  linear  break  In  he  loresl 
(isu  dlyplanlalor )  union  dees  nd  have  a  dsln  d  pain  don  g  It  Wi  ere  here 
is  a  pah  dong  a  ride,  synbds  507  or  508  shou  Id  be  used  h  pace  d  synbd 
509. 

Odour:  black. 

510  M Bible  pathjunclon 

When  a  pain  jun  don  or  iniersedon  d  pahs  or  iracks  Is  visible,  h  e  dash  es 
d  h  e  syn  bols  are  joined  at  h  eju  nclon. 

Odour:  black. 

51 1  Footbridge 

Atootrldge  uih  no  pah  leadngiolt 
Odour:  black. 

51 2  or  osa  ng  point  'Alin  bridge 

A  pain  or  tack  crosshg  a  river,  stream  ordlldi  by  a  bridge. 

Odour:  black. 

sis  crossing  point 'Attnout bridge 

A  pain  or  tack  crossing  a  river,  steam  a  dtldi  ulhaila  trldget  a  lord 
Odour:  black. 

514  tidislinct junction 

•Alien  ajj  ndbn  d  pah  s  or  tracks  Is  not  dear,  h  e  dashes  ol  he  syn  bds  are 
not  joined 
Odour:  black. 

515  Vide  ride 

Ar Ide  or  irebreak,  ulder  han  5  m .  Th  e  edges  ar e  sho  u*r  ulh  h  e  syn  bol  lor 
a  vegelaion  boun  dary  (41 6).  The  appropriate  yellow  or  green  screen  should 
be  u  sed  1o  111  In  between  he  dolled  lines  lor  open  cr  overgro  un  rides  respeo- 
ively. 

Odour:  black  and  Yellower  geen. 


116  Broken  gound 

210  siony gound 

211  Sandygcund 

212  Bare  rock 
301  Lake  hill 

309  Uhcrossade  marsh 

310  MtfSh 

311  h  dsind  marsh 

401  Open  tend 

402  Open  ullh  scattered  irees 

403  nougi  open 

40i  Raigi  open  fccatlered  tees 

406  Rresi:  slow  run 

407  under gowh :  slow ru  n 
403  Fcresl:  dhlcull  to  run 

409  Uhdergowh :  dhlcull  1o  run 

410  vegeialbn:  hi  passable 

412  Orchard 

413  Vineyard 


415  Cuilvaied  bnd 

501  Road  in  II 

502  • 

503  ' 

523  Getlemenl 

eternal  rue 

529  Guldbounds 

530  Parkin  garea 
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APPENDIX  A. 

INTERNATIONAL  SPECIFICATIONS  FOR  ORIENTEERING  MAPS 


404  Rough  open  land  win  scattered  tees 
Where  Here  we  scattered  tees.  In  rough  open  land  areas  d  uhlte  (or  green) 
should  gjpear  ki  tie  lone.  Such  an  area  maybe  generalised  byustig  a 
regular  patlern  ol  large  uh  lie  dds  In  ihe  vdlow  screen. 

Colour:  venom (toilnesfcm).  uhlte  SO**  (16.75  lines  fcm). 


4  EXPLANATION  OF  SYMBOLS 

Detnfllons  on  map  teat  res  and  specif cariions  lor  tie  draunig  d  synods  are  gven  in  toe  wid 
sedtons.  Synbds  are  dasslted  Into  6  categories  - 


>■5  M25 


1 1 
0.75 


25  0.25 


0.$T5 


0.4 


tie 


4  045  0.$ 

Bj.ii 
*  *** 
♦  ♦  •  t 
*  m  *  • 

m  ARB 


I 


I  I  I  1 1” US 

! 1 1  j 


02  a«5 


405  Forest:  esay  running 

Open  loresl  where  to  ere  Is  no  hindrance  to  lie  runner 
Colour:  uhlto. 

406  Forest  slowrunnlng 

fin  area  ult?  denselrees  (owHstollty  whfch  reduces  running looa.  50-80^ 
d  normal  speed. 

Colour:  green  20*>  (4.0 lines  Jfcm). 

407  Uhdergro'Ati:  slowrunnlng 

A l  area  ol  dense  unttergoumi  bul  otoerulse  good  v! sib  Illy  (Dram  Wes. 
healher,  torn  bushes,  and  hdudngcu  1  branches)  uhlch  redices  runnlngio 
oa  50-  80*>d  normal  speed  This  synbd  maynd be  combined  ulto  406cr 
408. 

Cdour:  green  I7<k  (13 lines ttn). 

408  Forest  difficulty  run 

rti  area  uito  dense  liees  cr  tlchel  jouivlsblltyi  uhlch  reduce  running  looa 
10  -  50«*  ol  n  cc  m  al  speed 
Cdour:  green  50«»  (40  lines  Jfcm), 

409  Undergrowth:  dinoultto  run 

A i  area  ol  dense  undergourih  bul  otoerulse  good  xlslbllly  (brambles, 
healher,  to  w  bu  shes,  an d  h  dudn  g  or  1  branch  es)  uhlch  redi  ces  ru  nnln g  1o 
oa  10-  50^01  normal  speed  This  synboimayndbeconMned  ulti  406  cr 

408. 

Cdour:  green  (27  lines  Jdm). 

410  Vfegetetlon:  uery  difficult  to  run.  Impassable 

A l  area  d  dense  vegelaf  on  (tees  cr  un  dergro  iuti)  ufi  Ich  Is  barelypassaMe. 
ran  nlng  reduced  to  ca.  0  -  io<*>  d  norm  al  speed 
Cdour:  green  100**, 

41 1  For  est  r  uinable  In  one  d  reel  on 

When  an  area oltoresl provides  good  runnlngln  one  dreefon  bulless  good 
in  ofiers.  while  stpes  areleilln  ihe  screen  synbd  lo  show  lie  dreefon  d 
goodrunnhg. 

Cdour:  green. 

412  orchid 

Land  planted  uilh  tuh  tees,  bushes. 

Cdou  r:  yelo  w  100^  and  geen  25<t*  (12  Ih  es  fc m). 

413  Mneyad 

The  lines  maybe  orientoted  to  sh  cw  to  e  dlrecion  d  planfn  g 
Cdour:  yelo  w  100*>  and  geen. 


Land  toims 
Rxh  and  boulders 
water  and  marsh 
tegetolbn 
Mn-madeleatjres 
course  syntok 


4.1  Land  forms 

The  sh  ape  d  lan  d  Is  sho  un  bym  ean  s  ol veiydetoled  conlou  rs,  aided  byti  e  spedd  sym  bols  tor  s 
Midis,  depressions,  eto  This  is  com  piemen  ted  h  Mach  by  fie  synbols  tor  rod.  and  dlls.  Ortenlee 
terrain  h  norm dlybesl  represented  uhli  a  5m  con  tou  r  Inter vd.  fin  Inters  d  25m  maybe  neeess 
In  cerldn  types  d  teirdn .  It  Is  nol  permlsslMe  to  use  dtleren  1 1ntervals  on  ti  e  sam  e  m  ap. 

Escesslve  use  d  lorm  lines  should  be  avdded  as  tils  uni  complicate  fie  map  and  tpfe  a  ur 
hipressldi  dheign  dtleren  ces.  hfierepresentafoo  d  an  area  needs  a  large  number  ol  term  lr 
a  smaller  contour  interval  provides  amorelegtolealternafve. 

Therelafveheigildtterence  between  neighbouring  teatires  musl  be  represented  on  fiema| 
eccurartefy  as  possible,  rtjsd  u  1e  heigit  accuracy  Is  ol  less  Importance.  Ills  permissible  loaner 
fieigild  a  contour  sighfyit  fils  util  improve  tie  repfesentoten  da  feature  This  delation  should 
normalyewoeed  25°»  d  tie  contour  Inlervd  and  attenfen  muslbe  pdd  to  neigibouilngleatire 


101  Contour 

A  In  e  joining  points  d  equal  heign.  Theslandard  vertoal  hterva!  betu 
contours  Is  5  metes. 

Cdour:  broun. 

102  tiden  contour 

Every  f tfi  contour  sncukl  be  daun  uhh  a  ihlcher  line.  This  is  an  aid  ic 
gi  Id.  assessm  enl  d  heigi  1  dtleren  ce  and  ti  e  overal  sh  ape  d  te  goi 
Where  on  e  d  fi  ese  con  lou  rs  oolnddes  uhh  an  area  olsm  al  Midis  or  dep 
slcn  s,  11  m  ay  be  sho  wn  ul to  a  norm  d  contour  line. 

Cdour:  broun. 

103  Form  line 

fin  intermedalecontourline.  Rrm  toes  areused  uheremorelntormaion 
be  gven  abou  1  fie  shape  d  fi  e  gou  nd  They  are  used  only  uh  ere  iepr  es 
laton  is  nol  possible  ulto  ordinarycon  tours,  anyone  torm  line  may  be  u 
between  neighbouring  conlou  rs. 

Cdour:  broun. 

104  Slope  line 

Slope  lines  m  aybe  da  un  on  fie  lo  uer  side  ola  conlour  in  e,  eg  along  ine 
d  a  re-entanl  or  in  a  depression.  Th  ey are  u  sed  oi  ly  uh  ere  11  Is  neces- 
to  darllyfielall  d  te  ground. 

Cdour:  broun. 
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APPENDIX  A. 

INTERNATIONAL  SPECIFICATIONS  FOR  ORIENTEERING  MAPS 


907  HI  nor  'Aater  chains 

1 _ l _ 0.125  Anatiral  or  man -made  miner  water  channel  which  may  contain  water  only 

:5  a 25  Inlermlltenly 

colour:  bbe. 


909  Narrow  mash 

•  T«  •  i  0.25  Am  a  tttle  &  wate  I*  too  n  arrow  to  be  sh  own  ulli  synbd  3 10 
O.b  (less  li  an  ca.  5m  ulde). 

Colour:  bbe. 


909  Uhcrosssble  marsh 

Am  arch  which  Is  uncrossable  or  dangerous  torlhe  runner.  Ablacfc  line  sur 
rounds  tie  synbd. 

Colour: blie,  blach. 


910  Harsh 

_  Acrossablemarsn  will  a  dsind  edge.  syn  bol  310  may  be  combined  ulti 

. . . -_q.  |  &  syn  bol  403  lor  deadyopen  m  arshes.  For  densely  wooded  m  arch  es  syn  bol 

==^^5  310  maybe  combined  will  synbds  406-419  Thesmaltesl  marsh  should  be 

shown  byalleaslluo  lines  on  tie  map. 

Cdour:  blue  (ulli  yeliowjgeen). 


:(Xt25 


sii  indistinct  mash 

Ai  indHlli  dor  seasonal  marsh  or  area  dgaduai  tans  ittonirom  march  loirm 
ground,  wh  Ich  is  crossaWe.  The  edge  K  generalyln  dsind  an  dti  e  vege  felon 
similar  to  lhal  d  li  e  su  irou  nding  groun  d  Gynbd  31 1  m  aybe  ccm  bh  ed  ulti 
synbol  403  tor  deadyopen  tut  hdlslnd  marshes.  There  maybe  occasions 
uneie  Ills  appropdatelo  use  synbol  311  wnn  synbol  40 1.  For  densely 
wooded  marshes  synbol  31 1  maybe  oembhed  wflh  ihe  synbds  406-410. 
Colour: blue  (ulti  yeflo wjgeen). 


312  Y£ll 

ZO  0. 1 75  Weils  an  d  oaplxe  springs,  which  are  dear lyxlsble  on  ihe  greu  nd. 
Cdour:  bbe. 


114  Small  depression 

Sen  all  sh  allown  all  ral  ctepresslons  and  holo  ws  fn  Inlm  urn  dameter  2m)  w 
cannoi  be  shown  to  scale  by  ecu  tours  are  iepr  esenled  bya  sem  idrde.  h 
m  0.175  mum  depth  tom  li e  surrounding  gound  shou Id  be  1m .  bccaion  is  tie  ca 
0J5  dgatflyoltiesynboi  uh Ich  Is  orlen lated  lo nor ti.  Synbd  115  Is  usee 

man -made  pm. 

Cdour:  brown. 


115  Pit 

His  an  d  tides  ulti  dsind  steep  sides  wh  Ich  oann  d  be  sho  un  to  sod» 
ft*  synbol  106  fn  Inlm  urn  dameler  2m).  Ptls  whh  any  other  shape  tian  rc 

0.0 -Y  0.175  should  be  shown  bycoi tours.  Mi Imum  depti  tom  tie surroundngge 
should  be  im.Looatcn  Is  tie  centeolgatflyot  tiesynbd  which  Iscr 
fated  to  nor ti. 

Cdour:  broun. 


4  0.175-0.25 


ildBrolen  ground 

^  Ai  areadpllsorMiolls  which  K  toolntlcatetobeshown  It  defall  Theder 
d  dots  m  ay  varyaccordlng  to  tie  defal  on  Ihe  gou  nd. 

Cdour:  brown. 


117  Special  landtorm  Teatire 

This  synbol  can  be  used  tor  a  special  small  landtorm  teatire.  The  dein 
dtiesynboimuslbegwn  In  tie  map  legend 
Cdour:  broun. 


ns  spot hd git 

_  spd  heigi  is  are  u  sed  tor  li  e  rougi  assessm  en  1  d  helghl  dlteren  ces. 

jfc  *225_J-5  h  eigil  Is  gvenlotienearesimete.Theligures  are  orientated  to  tie  m 

™  I  Water  levels  are gtuen  ulti ou  1 1he  dot 

m  Cdour:  blach. 


42  Rock  and  botidos 


SIS  Spring 

>  The  sou  ice  d  aslream  ulti  a  dslit  dou  llo  wi  The  synbd  is  orlen  fated  to  open 

K*j  al™  downstream. 

v  Colour:  bbe. 

Si 4  Special  'Aster  feature 

A  spedai  sm  all  water  teatere.  Th  e  detniicn  ol  me  syn  bol  m  usl  al  way*  be 
-jc  0.175  gven  in  tie  map  legend 

Cdour:  bbe. 
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Rod,  is  a  spedai  category  ol  land  term.  The  inclusion  oiroch  gvesu< 
intormalon  aboul  danger  and  mnnabllly  ars  well  as  provldbg  teatrres 
m  ap readb  g and oonlrol  pdn ts.  Rod.  is  sho  wn  In  Mach  to  dstngulsh  I1 1 
lan  dior ms  teatires.  The  cu  tine  d  lie  syn  bd  sh  cu  Idaccuratelyrepresen* 
shape  ol  tie  roch  face  projected  on  a  h  dlzon  tel  plan  e  Care  m  usl  be  tehe 
m  ahe  sure  ti  art  roch  leateres  such  as  dim  agree  ulti  me  shape  and  fall  or 
gound  shown  by  contours  or  lorm  Ihes. 


201  impassable  chit 

Ai  Impassable  cm,  giarryd  earn  bank  (See  106)  K  shown  ulth  a  93' 
line  an  d  down  wardlags  sho  wing  11s  ti  II  exlenl  tom  tie  top  In  elo  tie  tool 
fags  maybeom  hied  II  space  Is  shdt  eg.  narrow  passages  between  dim 
passage  should  be  drawn  ulti  a  width  d  al  leasl  Q3  mm).  The  lags  i 
exlendover  an  area  syn  bol  represent  g  detail  Imm  edaitelybelow  tie  i 
face.  Wien  a  roch  face  dops  slraign  in  to  waler  m  ah  h  g  II  hi  possible  to  f 
under  tiedltl  along  tie  waler  Sedge,  tie  ban*  line  is  cmllted  d  tie* 
should  deaityextend  over  tie  bank  Ine. 

Cdour:  blach. 
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202  Foci  pillars/ chits 

h  n  eoase  d  un  usu  a  teab  res  su  eft  as  rock  pillars  or  masslvedltts  or  glgai  1c 
/  -  M  boulders, nerocksm aybe shoun In  plan  shape  uinou  1  lags.  Actual  size  may 

vayacccrdngtoneheighlolllierock. 
colour:  black. 


4  0.175 


'£U0nHK& 


211  Open  said  ygrouid 

rti  area  ol  sotl  sandygroun  d or  gavel  win  n  o  vegelalon  an  d  where  ru m 
isslowi  Wherean  area  dsandyground  Is  open  bulrunnbglsgoog  nissrn 
as  open  laid  (401 M02). 

Colour:  dack  10*^  (24.  lines  ton)  and  yellow  00<!k>  (to  lines  Jan). 


20s  Passable  rod  tace 

rtl7.  Asmdi  verted  rock  lace  (minimum  Itefgm  im)  is  shoun  uhhoullags.  line 
fTft,n  dreclion  dial  oinerock  lace  Is  nol  appaenllrom  ine  coniours.  shallags 
y_  W25  should  be  dra  un  In  ne  dreclon  ol  lie  tell 
•  n  Colour:  black. 


212  Bar  e  rod 

Alai  aea  ol  rock  wflhoul  earn  or  vegelalon  Is  shown  asbaerock.  Aw 
Sto-  ol  rock  covered  wifi  gass,  m  oss  or  oilier  lo  w  wgeialon  Is  sh  own  as  c 
laid  poi  A02). 

Cdou  r:  black  90**  (54  lines  fcm)  or  gey 


204  Roclyplt 

M  flock  ygis,  h  oles  or  m  Ineshatls  uhleh  m  aycon  sin  1e  a  dai  ger  to  me  run  ner. 

IT  o.m  Locaiton  is  tie  centeoigraytyome  synbd,  which  is  oneniaied  to  norn.  4.3  Water  and  marsh 

Colour:  black. 


205  caue 

Acarue  H  represented  byne  same  synbd  as  a  rockygt  h  Ihls  case  ne 
a ,  75  syn  bol  should  be  crlenlated  tote  slope  as  h  doaled  opposite.  Hi  e  cen  te  ol 
gaxllyol  ne  syn  bol  marks  n  e  opening. 

Colour:  black. 


•  NOTE!:,  rftmmblb  no- 
.'MCtftfttf.inhjnn.:. 


This  goup Includes  bom  epen  water  aidspedd  hpes  d  vegetation  oau 
byte gesence  ol  water  (rtash)  The dassllcalon Is Important becai 
Indicates  Ihe  degree  ol  h  Indrance  lo  n  e  m  nn  er  ai  d  gordde  lean  res  ter  i 
readngandoonliolpolnls.  Attack  line  round  a  water  teali  re  hdoates  n 
camol  be  crossed  under  noimd  weaner  oondfltons.  h  dy counties 
lean  res  listed  In  Ihls  seclon  mayon  lycon  lain  water  h  some  season  s. 


205  Boulder 

Asm  aldKlh  cl  boulder  (minhiunilieigillm).  Everyboulder  marked  on  ne 
map  should  be  immedlatelyldenllableon  ne  gound 
Cdour:  black. 


4  ♦ 


?5bo.$-o.$ 


207  Large  boulder 
A  paica  lanylarge  and  dsln  d  boulder. 

Cdour:  black. 

205  Boulder  Held 

Ai  aea  wftldi  Is  covered  ullh  so  many  docks  d  stone  nallheyoainolbe 
m  aked  In  dydidlyls  shown  win  sold  nen -equilateral manges.  Amhlmum 
ol  luo  tlangles  sh  ou  Idbe  used  (oneonlyfl  used  wfin  oner  rock  leatires).  Th  e 
going  Is  Indcaled  byne  densliyol  ne  tlaiges. 

Cdour:  black. 


901  Lale 

Large  aeas  ol  meter  are  sh  own  wflh  lull  cotour  or  a  dolscreen  ol  art  leasl  5 
Smdl  aieas  ol  ualer  should  be  shown  ullh  nil  cdour.  Ablack  bank 
indicates  n  ai  me  lean  re  oainol  be  crossed. 

Cdcur:bbe,  dack. 

902  Pond 

wnerenelakeorpondlssmaiernan  imnf  on  ne  printed  map  ne  baik 
Is  omitted. 

Cdour:  bbe. 


* 


u 

I  I 
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903  Y&tertiole 

ai7F  Awater-lledphorai  aea  d  water  which  Is  too  smdl  to  be  shown  lose 
Locaiion  is  ne  cen  te  ol  gratflyol  n  e  synbd,  wfi  ich  is  orientated  to  no 
Cdour:  bbe. 


209  Boulder  cluster 

n  *  A sm  al  dlslnd  gcu p  ol  boulders  so  ctosely  du  stored  togener  nai  n ey 

can  nolbem  akedlndlvWually  The  synbd  is  an  egj  llaleral  tlangle  orlen  laled 
tone  norm. 

Cdour:  black. 


210  Stony  ground 

SI  ony  or  rocky  gound  uhleh  artlects  gdng  should  be  shown  on  nemap  The 
4  0.125-0175  dols  should  be  random lydsttouled  win  densllyaccordngtoneamcunld 
rock.  For  lage  aeas  a  screen  maybe  used  (see  lade  p7) 

Cdour:  black. 


904  uncrossstole  riuer 

In  ^  un  oossable  river  or  cai  a  is  <t  awn  ullh  dack  bank  lines.  The  bank  I 
ae  troken  ala  tord. 

Cdour:  bbe,  dack. 


905  Cr  os  sable  'Aster  course 

mh.  Aoossabte  watercourse,  minimum  an  uWe.  The  width  d  watercourses  c 
0.25  5hi  wide  should  be  sho  wn  to  scale. 

Cdour:  bbe. 


506  Crossable  small  'Aster course 

0.125  Acrossade  watercourse  (hdudhg  a  major  cranage  dtah)  less  Ihai 
wide. 

Cdour:  bbe. 
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105  Contour  udue 

Con  lour  values  are  alien  Included  to  aid  assessmenlol  large  tieigildltler- 
ences.  Theyare  inserted  in  tieindexcontours  n  posllons  uhere  alher  detail 
is  not  cbscu  red.  Th  e  igures  sh  ould  be  orlenlated  so  u  ait  ihe  top  ol  lie  191  re 
Is  on  tie  higier  side ol lire  contour. 

Cdour:  brown. 


K, 

ai25 


106  Earth  bsil 

Asleep  earth  banR  Is  an  abrupt  change  in  ground  level  which  can  be  dearly 
dsln  gi  isti  ed  tom  its  su  noun  dngs.  e.g.  gravel  or  sand  pits,  road  and  rail  uu&y 
cullngs  or  an  banRm  ents.Th  elags  sneu  idsn  owt  eluii  exteni  dine  slope,  bul 
m  ary  be  omnted  Ml  wo  banks  a  re  ctosetogelier.  hi  passable  banks  should  be 
daun  ulti  synbd201  (hi  passable  dll} 

Colour:  brown. 


0.125 


Jo.i 


107  EsrtTAdl 
Dlslnol  earlli  wall 
Cdour:  brown. 


4.4  Vegetation 

The  represenlalon  civegelalonlslmporlanltotecrlenteerbecauseiiaitectsmnnablllyandli 
provides  team  res  tor  map  readh  g 

COLOUR 

The  basic  principle  Is  as  tdlows: 

-Write represents  runnable  torest 

-  yeilowrepresents  open  areas  dUded  in  to  several  categories. 

-  great  repiesen  Is  lie  dai  slty  at  11  e  torest  according  to  Us  ru  nn  ability  an  d  Is  divided  h  to  sex 
categories. 

RLWNABILrTY 

Write  represen  is  typioallycpen  run  nable  toresl  tor  lie  parfcular  type  ol  terrain,  tl  no  pari  ol  fie  to 
Is  run  nable  then  no  while  should  appear  on  me  map 

The  run  nablllly depen ds  on  t  e  n  arture  ol  he  lor esl  (den  slly ol  tees  tr ush  uood  and  u  ndergoi 
bracken,  brambles,  netles,  eto)  bul  does  nal  teAe  axounlol  marshes,  stony  grounded  which 
shown  by  separate  symbols. 


025  lOSSmdleath'Aall 

_  v  _  A  partly  mined  earn  uall  maybe  shown  wit  adashedllne. 

Cdour:  brown. 


109  Erosion  gtily 

Ai  erosion  gully  or  tench  which  istoosmal  to  be  shown  bysymbd  1061s 
shown  by  a  sh  ge  Ine.  The  fh  e  uHdt  refects  ihe  size  ol  t  e  gully  Mnlm  urn 
depth  1m.  The  end  ol  te line  is  polnled. 

Cdour:  broun. 


*^0.25 


110  Small  erosion  gully 

A smal erosion  gillycr  tench.  Mntmum  dept  a 3m. 
Cdour:  broun. 


Ill  Knoll 

Kn dls are  sho wn  utt  con  tou  r  Ih  es.  fifucm h  en iMi  di  lalln  gbelween  coi  tour 
O  ^  lines  m  aysfll  be  represented  bya  contour  line  II  t  e  deviation  tom  t  e  actual 

^  J  25  contour  level  Is  less  t  an  25^  Sm  aller  or  fatler  toidfs  sh  ould  be  sho  wn  uth 
L  lorm  Ines. 

Cdour:  broun. 


112  Small  knoll 

Asm  all  obvious  m  ou  nd  or  rocky  knoi  which  oann  ol  be  dra  wn  to  scale  wit  a 
contour  (dameter  olmoundlesstian  oa  3m}  Kndlsolanyohershapelhan 
•  •  4  ft5  round  should  be  shown  by  contours.  Then  eigilolte  kndi  should  be  a 

mhlmum  oi  1m  tom  tesurroundng  gound. 

Cdour:  brown. 


IIS  Depression 

Depressions  are  sho  un  wit  ccnlou  rs  or  lorm  lines  an  d  slope  lines.  Prominent 
ig  depressions  lallhg between  contour  Ihes  maybe  represented  bya  contour 

>  0125  ine  11  tedevtafen  tom  te  actual  contour  leva  K  less  tan  25%>  smaller  or 

Q  shallo  wer  depressions  sh  ou  id  be  sh  own  by  term  in  es. 

Cdour:  brown. 


an  nabUHyln  toresl  Is  divided  h  to  4  categories 
accordng  to  run  nlng  speed.  It  speed  ihrcu  gi 
typically  open  mnn  able  torest  H.  tor  example. 
3mln Am, te  Wl owing  rafos apply 


open  torest  school 

slow  run  30-80% 

dtllculitorun  10-30% 

fght  0-10% 


3 -6m  13s  Am 
6m  13s-  ICm Am 
10  -30  min  Am 
>30  mhAm 


room  SOOm  »ftn  iOOCm 


.  N  OTE.i.'dlnfmbln  rta  *. 
■nrc  Dpameri  h  minor  * 


40 1  open  laid 

Cuilvaledland,  Helds,  meadows,  grassland  etc  wflhcultees,  otlerhge 

running 

Cdour:  yeloui 


Jo.i  0*.i 


402  Open  land  Win  scattered  trees 

Meadows  uit  scattered  irees  or  bushes,  uit  gass  or  similar  gcund  & 
ottering  easyrunnlng.  Vbrysmall  areas  are  shoun  as  open  laid  (401). 
Cdour:  yeiow30%  (16.75  lines  ton} 


403  Rough  open  land 

Heat,  moorland,  idled  areas,  neulyplanled  areas  (tees  lower  tan  oa. 
or  other  generally  open  land  wit  rougi  ground  vegetaton,  heather  or 
gass.  Symbol  403  maybe  combined  wit  synbds  407  and  409  to  si 
reduced  runnabllty 
Colour:  yelo  w  30%  (40  Ih  es  fcm). 
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Minting 

=fi  leerln  g  m  ap  m  u  si  be  printed  on  good,  possibly  water  res  Islanl.  paper  (weigi  1 80  -  120  gsm ). 
*  in  up  to  6  oolou  rs  depen  dng  on  to  e  cartograpft  y and  tie  n  all  re  ol  ti  e  lerraln  II  covers. 

i  oaremuslbelaken  toensurean  eaaci  register  ol  odours.  On  a  map  primed  In  several  colours 
urse  plan  ner  m  usl  have  t  e  opporli  nltylo  ch  eck  to  e  renter  via  superhi  posed  crosses  In  H  e 
n  1  cotours.  TU  e  m  atfm  urn  acceplable  encr  is  0.2  mm . 

Itydepends  on  ihe  correct  ch  dee  ol  cdcurs.  me  toloulngrecommendalons  are  inlended  lo 
ydzemapsas  mu  di  as  possible,  me  arternalve  odour  given  can  beusedln  ixelefencetolhe 
mended  colours,  since  li  eullm  ale  ch  doe  ol  colour  also  depends  on  testuctireollheterTah. 
com  men  da  lens  are  $ven  In  fie  PMG  syslem  (Pantone  fvtafchlng  system). 


Colour 

PH  S  rumber 

Alternalve 

Black 

FTOcess  black 

Brown 

471 

yellow 

136 

122  129 

Bbe 

299 

Green 

361 

Grey 

428 

427 

Motel 

Purple 

41 4-  di  stinct  cum  uation  boundar  y 

me  boun  daryol  cu  Hlvated  Ian  d  uH  en  nol  sno  un  ulfi  oil  er  synbds  (to 
adl.pato.elajK.  shown  uthadack  Ine.  Apermanenlbcundarybeiw 
dtlerenllypes  of  cuilvated  land  Is  also  shown  ulto  toK  symbd. 

Cdour:  black. 

415  CU  lusted  land 

Cullvaled land  which  Is  seasondlyoul-crt-bounds  cue  to  gouilng  crops  i 
be  shown  ulfi  a  black  dm  screen. 

Cdcur:  yellow  100%  black  5% 

416  Dsflnct  vegetation  boundary 

Adslncl  loresledge  orverydslnd  vegelalon  boundary  uflhln  lie  tor 
Cdour:  black. 

417  ndlsUnct  uegetelon  bounder  y 

hdslncl  boundaries  between  arears  ol  green,  ^lowor  utilte  aresfi 
alt oul  a  In  e.  m  e  edge  ol  te  area  Is  sh  oun  onlybylhe  diange  In  cdoi 
dol  screen. 


* 


0*  10 
XlO.S 


0.171 


4181  419  Specld  uegetatlon  features 

Synbols4l8and419  oan  be  used  tor  speddsmal  vegetalcn  teatres. 
delnlton  ol  ihe  synbd  m  usl  be  given  ki  t  e  m  ap  legal  d. 

Cdour:  green. 


.arger  scale  maps 

al  1: 10,000  may  be  prodjcedlcfiwo  reasons,  (a)  tor  geaterle^winy  or  (b)  lor  spedal  types 
am. 

Maps  where  greater  legibility  is  reqilred 

m  aybe  m  aps  ol  small  areas  lo  be  u  sed  lor  fain  h  g  lor  Intodudcr yan  d  sdi  od  even  is.  m  ey 
?conpeflon  maps  lor  dder and  younger  age goups  uhere  readng  tie  lies  and  smdl  symbds 
es  a  problem . 

maps  must  be  drawn  ulfi  Ines,  line  screens  and  symbol  dmenstons  50%grearter  tan  tose 
)r  l:  13  000  maps.  wh  ere  pracloal  te  same  dol  screens  as  used  art  1: 15.000  of!  t  emosl 
map  at  d  a  e  terelore  to  be  prelerred  t  praclce  dra  oJn  g  te  ar  lucrt  art  1:7,500  tor  reduclon 
,000  ulll  give  toe  cocrecl  dnenslors  II  te  same  arlwoik  Is  reduced  to  1:10000.  11  maybe  more 
>al  an  d  cheaper  toproduoe  a  1 : 10,000  version  byenlargh  glhe  1: 1 3  000  llm  negalxes  posllves. 

10,000  maps  te  spadng  mgrtd  ines  should  be  23mm  which  represent  250m  on  te  ground 

>aloi  tere  Is  usualya  progression  m  scales  tom  i:2,300to  1:3000  to  1:10,000.  kteps  art  wry 
cales  such  as  1:2,500  uli  dearlyoonlaln  moredeiai  such  as  prtayjround equipment  Line 
slcnslor  1:13000  maps  should  also  be  used  Id  tese  maps. 

Special  terra  r 

eplonai  cases,  onere  terrain  isexiremelyocmpiexaidilfsnolposslblelodrawtieessenlal 
si  1:1 3  000,  a  1:13000  map  draun  alt  1:15, 000  dimension  sis  perm  issbie.  Forlntornaional 
.  tie  u  se  cl  larger  scales  m  usl  be  approved  by  t  e  IOF. 


4J5  Manmade  features 

ThelracknelworK  provides  Important  Inlcrmalon  lerihe  run  ner  and  tier 
sllcaflon  m  usl  be  deafly  recogr  isable  on  t  e  m  ap.  Partial  larlyim  porian 
t  ecompeiilcf  is  t  edasslloalcn  d  smaller  pats,  Axcu  nl  mu  slbel  aker 
on  ly  m  t  e  uidt ,  but  also  onto  w  cbvtous  ihe  pat  is  to  te  run  ner. 
ot  er  man-m  ade  toatires  are  also  m  per  ton  1  bot  tor  m  ap  readng  aic 
contd  pohis. 

901  Motorway 

A  road  uJtolwohkfi  ways  lor  te  use  ort  motor  tartlc  only  The  space  belw 
t  e  black  lines  m  usl  be  fled  ult  brown  po 100%) 

Cdcur:  black  and  brown  50-100%  (40  lines bm). 

902  Major  road 

Road  older  than  5  m.  The  space  between  te  black  !*«•  musl  be  Hied 
tioaii  (90-100%)  A  road  under  constu  cion  (symods  501,  502  and  £ 
maybe  shown  ult  broken  lines. 

Cdcur:  black  and  brown  50-100%  (40  lines bm). 

903  Minor  road 

R»d  3  -  3m  ofcle.  The  space  between  te  black  lines  mu  si  be  lied 
broun  (50-100%). 

Cdcur:  black  and  broun  50-100%  (40  lines fcm). 

904  Road 

Amah  lah  ed  roadsu  liable  tor  motor  vehldes  in  all  ueait  er  less  tan  3m  v 
Cdour:  black. 


NOTEf  Ulmmolnno  ■ 
jrttifca-intfMMttflt; 
•tKKdeif.i^jna.''- 


— Ti - 0.171 

a v 


— .  —  0.115 

0.37 


0.35 
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Ntitfftsions  of  map  symbols 

xxn  m  en  dedlhai an  ortentoer  Ing  map  Is  surveyed  ai  ddra  wn  al  1:7,500  -  iwfce  to  e  prti  ing  scale, 
reduclon  ralbs  m  ay  be  used  Wien  solbli  g  a  1 : 1  raf  o  Is  norm  d. 
islons  In  Unis  boo  I  ae  gl  uen  at  tie  printed  scale  of  1 : 15,000. 

euldli  sere  based  on  tie  mlcronomi  pen  sizes,  Alllne  wldtos  and  synbd  dhi  enslon  s  mu  si 
d  ultiln  20 diner  spedied  vane.  Devlalbns  liom  tie  nominal  value  muslonlybe  used  to 
e  legbllty  Certeln  m  Inlm  um  dhi  enslon  s  m  usl  also  be  observed.  Tliese  are  based  on  bolh 
g  tocftnobgy  aid  tie  need  lor  legibility 

1LM  DIMENSIONS 

gap  bel ueen  Iujo  me  lines  d  tie  san e  colour,  in  brown  or  blacfc:  o.  15  m  m. 
smdiesl  gap  between  two  blue  lines:  025  mm. 
tosl  rocfc  lace  synbd:  0.6  mm 
lesl  steam  or  dtlch  syn  bol:  0.6  mm . 

lesl  bend  in  contour  (spur  or  reentant):  0.25  mm  prom  cente  to  cente  dine  ines). 

lesl  aea  olmash:  al  leasl  iwo  ines  uiti  a  lengti  d  05  mm. 

lesl  dotted  line:  al  least  iud  dots. 

lesl  dashed  Ihec  ai  least  Iwo  dashes. 

lesl  aea  en  closed  by  a  dolled  line  t.5mm  piametorjwlto  5<tols. 

lesl  area  ol  colour 

Blue,  green,  gey  or  yellow  lull  odour:  05m  m< 

Blacfc  dd  screen:  05mm* 

Blue.geen  or  \elowdo1  screen:  1.0  mm* 

tires  smdter  tiai  toe  dhi  enslon  s  above  must  be  eltier  exaggerated  or  omitted  dependhgon 
?r  or  nol  ti  ey  ae  ol  slgnllcai  ce  b  toe  orbnieer.  Wien  a  lean  re  Is  en  larged  n  dgi  touring 
>smus1  be  dspaoed  solhaltoecorredrdallue  posllcns  are  malnlahed. 


0.5, 

t-Ht- 

iJO  0.35 


516  Railway 

Aral  way  or  otoer  fchddraledlracfc  (tan  way  true*,  way  eto}. 
Cdour:  blacfc. 


517  Power  line 

0  ^  Power  line,  cableway  or  sMIltl  The  bas  Indcale  tie  exact  loealen  d 
pylons. 

Cdour:  blacfc. 


OS. 


0.125 


51 8  Major  power  line 

M^or  power  lines  sn  cu  W  be  dra  wn  urn  a  dou  ble  line. 
Cdour:  blofc. 


519  Tunnel 

A  way  under  roads,  ralways,  eto  which  maybe  used  by  lie  runner.  * 
synbol  Is  used  whetier  or  nd  toe  linn d  has  a  taefc  leadhgloll 
Cdour:  blacfc. 


'as1  Ifti 


0.125 


520  stene  '/call 

A  stone  wal  or  stone- Viced  banfc. 
Cdour:  blacfc. 


521  mined  stone  wall 

0.125  A  iu  h  ed  stone  wall  maybe  sh  own  bya  dashed  line. 
Cdour:  blacfc. 


os 

_ Ll_ 

'2.5 1 1  id 


0.175 


522  Hgi  stone 'nail 

A  ston  e  wal  h  igi  er  to  an  ca  1  .5m.  nol  crossawe  to  ihe  average  crlen  tor 
Cdour:  blacfc. 


ENS 

albn,  open  areas,  m  arshes,  eto.  are  sh  own  ulto  dol  or  line  screens.  7h  e  toUoulng  1  uo  lades  llsl 
fmlsstolecomdnalons  ol  screens  and  ihe  commerdal  avdlablliyd  screens  lomeei  tie 
oalons.  Gome  ecu  ntles  have  prodj oed  spedal  orlen toerh g  screen s. 


rd*n  Around 

1 1 10  Brclufrn  ground  0 

i«V,7o  ml 

piOSicn^q  round 

rTwrWi 

Uixrowafcfe  imnli 

hrttv 

SIO 

Marti! 

Klilndrmrth 

□ 

Sll 

hd-rinci  manh 

pflllWd 

o 

|*0l  OpwiUnd 

ptnland.-K4ii«frtiR*t 

O 

o 

«c 

0p«ilaid.«ai<rt4irw+ 

open  l-end 

□ 

El 

□ 

□ 

|*OS  R«*]h  oj*n  land 

..  rthKOKfOdlKOt 

El 

□ 

El 

□ 

401 

...  »4ti -K-aiortdrfo-j- 

wen,  tl  omul 

El 

□ 

□ 

□ 

|404  Fofoo  ttoainin 

ndtfflrcMl\  -tfcMiun 

□ 

El 

□ 

□ 

■ 

□ 

El 

40? 

Uideraronh,  tfefinin 

c*tti,dll«J  ►>  run 

□ 

El 

□ 

□ 

□ 

□ 

404 

Form.dllal  »iun 

nckfaropih.  dtikUiionn 

□ 

El 

B 

B 

B 

□ 

40S  UidergroMh  dlkiii 

akin,  1  tfii 

El 

El 

B 

□ 

□ 

□ 

l+to  wnaicn,  Dali 

TSO- 


0.5 


7?  V 


0.125 


0.125 


523  Fence 

A  wooden  or  wire  to  nee  less  toan  ca.  1.5  m  hlcji. 
Cdour:  blacfc. 


524  Rilned  fence 

Amhed  tonce  maybe  shoun  win  adashed  ihe. 
Cdour:  blacfc. 


25  u 
ii  ii 

“7^ 


0.5 


0.175 


01125 


525  ugh  fence 

Aboarded  or  wire  lence  h  igher  toan  ca  1. 5  m ,  n  d  oossable  to  to  e  aver 
orlen  toer,  eg  deer  tonce. 

Cdour:  blacfc. 


i 

Tr-^h 

J. 


“TT 

175 


526  Crossing  point 

Al  ways  torough  or  over higi  lencesor  walls  musibe  hdcatod.  The  syi 
m  ay  also  b  e  used  tor  a  ga  to  to  rough  or  slle  over  a  stone  wal  (SBOjorato 
(523) 

Cdour:  blacfc. 


■i  <=mn  527  Building 

|  *0.5 10.5  Abulldnglsshown  whhlls  goundplan  solar  as  toe  scale  permits. 

Cdour:  blacfc. 
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? m apper,  tie  task  Is  fcn oulng  uh left  teailures  to  m ap and  ho  w  to repress Item.  A ccnlh uln g 
?m  enl  in  ti  e  sporl  Is  tm  porlanl  lor  a  baslcu  nderstan  dn  g  oi  ti  erequ  tern  ents  lor  te  orienteering 
Its  anient  te  need  lor  accuracy  televd  oi  detal  and  aboue  all  needlor  legbllty 

lorkat 

enleerlng  m  ap  is  a  detailed  topograph  Ic m ap.  The  m  ap  m usl  contain  Ifte  teaU  res  un  left  are 
s  on  ti  e  gcu  nd  to  a  compel  tor  al  runn  mg  speed  ft  m  usl  sn  ow  euery  leati  re  uhleft  ecu  Id 
cemap  rearing  orroule  choice  -  land  terms, roc*,  leatires,  ground  surlaoe, runnablltly  main 
ses,  fiyfrogephy  seilerne!!  land  maximal  bullrings,  fie  pan  and  tart.  nelworfc,  drier  ines  oi 
unbalon  and  leatires  usetil  tom  me  pohloixiewolnaxlgalon. 

ape  oi  t  e  gcu  nd  is  one  oi  te  mosi  m  portanl  aspeds  of  an  orlen  leerli  g  map  The  cocred  use 
toursto  sho  wa  tree  dimensional  plot  red  tegaind-shapeandheigildlltereoce-oainoi 
^emphasised. 

^ree  to  uhleft  a  leatire  Is  recogi  Isade,  fie  openn  ess  d  fi  e  fee esl  and  run  nabliliyol  fie  terrain 
l  be  taken  Into  ccnslderalon  al  tie  surveystage. 

teries  belueen  dtlerenltipes  oi  gound  surface  proxWe  valuable  relerenoe  points  icr  fie  map 
.  tils  Importanl  t  alt  e  map  shows  fieedges  dareas  olmarsh,  sdldgound  boulder  leld,  and 
mines  oirocfcyterrain. 

ibHHyand  me  openn  ess  d  fi  e  lerratn  ailed  roule  cftolce  an  d  te  ru  nn  h  g  speed,  hlormalon  on 
taclors  must  tier  el  ere  be  sftoun  on  Ifte  map  by  classing  patis  and  tarts,  bylndloalng 
er  marshes,  water  teatires,  rotrt  laces  and  filch  leresi  are  passable,  and  by sh oulng  te 
jUflyon  fie  gound  surtaceand  fi  epresen  ceolopen  areas.  Clearly^  side  vegetalon  boun  dailes 
I  also  appear  since  fiey are  usetil  tx  mapreadng 

apmuslconlaln  teleartures  uhleft  arecbxlous  on  ifte  ground  and  unicft  are  d -Mali e  tom  fie 
xl  xlew  oi  m  ap  readng.  Ai  afllem  pi  mu  si  be  made  when  surwy  n  g  1o  m  an  tan  fi  e  ctardyan  d 
1y  d  lie  m  ap,  l.e.  fi  em  Inlm  um  dm  enslcn  s  deslgi  ed  lor  n  erm  al  sigi  1m  usl  nolbe  lorgolten  uh  en 
nglfte  degee  d  generalisation. 

2p  should  ccnlaln  son  e  place  names  to  Help  tie  com  pet  tor  to  cnen  late  fils  map  to  ncrti .  Nam  es 
l  be  urliten  tom  wesllo  easland  placed  to  awold  ctoscurhg  impcrtani  teatires.  Hie  stye  d 
ig  should  be  simple. 

n  es  arebtart.  o.  129-a  1 73  m  m  In  es  pdnih  g  tom  agief  cn  crfi.  Ther  spacing  on  fi  em  apsh  ou  to 
53mm  uhleft  represents  900  m  on  tie  gound  at  tie  scale  d  1:19000.  Norm  ines  maybe  brohen 
obscure  smai  teatires  such  as  boulders,  fcnols,  dills,  steam  jun cions,  pat  ends,  eto  in 
tonal  cases  blue  a  175  Ines  maybe  used.  The  sides  oitemap  (paper)  should  be  parallel  lo 
igneic  n  ert  In  es.  Aro  uheads  maybe  u  sed  to  sho  w  magi  elc  n  ert . 

Piracy 

=nera  ruleshouldbethatcompeltorsshdi  notperoelue  my  Inaccuracy  in  me  map.  The 
icyoime  map  as  a  uhde  depends  upon  me  accuracyol measurement  posllon,  height  and 
)  and  lire  accuracy olrtaulng.  Accur  acyol  posit  cn  on  an  orienteering  map  m  usl  be  con  slslenl 
al  obtained  bycompass  and  pacing.  Ateatire  musibeposlloned  ult  sutldenl  accuracy  lo 
?  tala  com peltor using  compass  and  pacing  will  perceive  nodKcrepancybelween  mapand 
I.  h  general  a 9«*  accuracyh  rfstance  between  neighbouring  teati  res  uill salsly tese reqilre- 


5S9  Cairn 

Cairn,  memorial  slcne  or  bcundarystone  fcratlg  pohl  In  some  count 
\StZ&  0.IT5  more  tan  09  m  high. 

Odour:  blart.. 


1.0 

i.o:V 


00- 


0.173 


540  Fodder  racl 

A  tedder  raeft  uhleft  Is  tee  sianding  or  bull  on  lo  a  tee.  Looallon  Is  a- 
cente  d  graMlyol  ihe  synod.  For  land  access  reasons  tese  ma^ 
cm  tiled. 

Odour:  blart. 


54 1,542 Special  mm-made  Teatires 

Gpedalman-madetealuresareshouxi  ult  tese  symbols.  The  dein  ilto 
0.IT5  tesymbdsmuslbegvenln  each  case  h  tie  map  legend. 

Cdour:  blart.. 


4J6  Overprinting  symbols 


Courses  should  be  derpdnledal  leas  tier  eite  dasses.  Foroterdas 
teycan  be  drawn  byhand 

eoi  start 

The  slarl  or  map  Issue  pdnl  plnd  al  te  slarl)  Is  shown  by  an  egilta* 
flange  uftlchpdntsln  tedteclcn  dteirsl  control.  The  cente  d  a  ttai 
cr  erde  sho  wste  precise  posllcn  olteteafiurebulillsndadualymar 
Odour:  purple. 

002  Control  point 

Tlrecontd  pot  is  are  shown  ult  drdes.  Ttie  size  al  te  ctdes  sfrouli 
chosen  to  minimise  Inlemence  ult  map  detail  around  teconlrols. 
oon  tds  are  numbered  in  order,  ult  te  igires  orlen  fated  to  te  north, 
start,  oon  tds  an  d  in  Ish  are  joined  ult  lines  In  mi  m  erlcd  order.  Seclon 
t  e  lines  or  drdes  sh  ou  id  be  omifled  to  leave  impcrtani  detail  sho  wh  g 
Cdour:  purple. 

60S  Marled  route 

A  maihed  route  is  sh  own  on  te  m  ap  ult  a  dash  ed  Ih e. 

Cdour:  purple. 

004  Finish 

The  inlsft  is  sho  un  by  two  con  cenlrtc  drdes. 

Cdour:  purple. 

e05  Uncfosad)le bounds y 
A  boundary  uhleft  1111  not  permitted  to  cross. 

Cdour:  purple. 

600  Crossing  point 

Acrosslngpolnllftrcugi  or  oxer  a  wal  ortence,  cr  across  a  steel  or  rail 
cr  a  ti  nn  d  Is  dra  un  on  the  map  ult  two  Ih  es  curving  ou  lunar ds. 
Cdour:  purple. 


IhWiyoflVAftlrthrtn'i; 

ihM>riniW‘tc4le'**l> 

;  i:isjooa-  Dw.-.mfldjn; 
:iiVD'.Da:’ddii.‘rirc-ric‘ 
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APPENDIX  B. 


ABILITY  ASSESSMENT  QUESTIONNAIRE 

Virtual  Environments  and  Navigation  in  Natural  Environments 

Questionnaire 


Name _ 

Age _ 

Sex  M/F 


1 .  How  many  Orienteering  Events  have  you  participated  in  during  your  life  (include  military  land 

navigation  events) 

a.  Less  than  1 2 

b.  Between  13  and  24 

c.  Greater  than  24 

2.  How  many  events  have  you  participated  in  within  the  last  year? 

a.  Less  than  1 2 

b.  Between  1 3  and  24 

c.  Greater  than  24 


3.  What  skill  level  would  you  consider  yourself? 

a.  Beginner  -  You  navigate  to  a  control  mainly  on  well-traveled  trails  and  fields.  You  go 

out  of  your  way  to  be  safe. 

b.  Intermediate  -  Distinct  handrails  and  catching  features.  You  rely  on  very  distinctive 

handrails  (roads,  trails,  streams,  ridges,  etc.)  to  get  you  into  the  vicinity  of  the  control 
and  then  rely  on  catching  features  (a  prominent  feature  that  alerts  you  as  to  where 
you  are  on  your  intended  route).  OR  in  the  absence  of  handrails  you  rely  on  large 
catching  features  to  get  you  into  the  control. 

c.  Advanced  -  Catching  features.  You  use  handrails  if  available  but  more  often  you  will 

use  catching  features  of  all  types  and  size  to  guide  you  into  the  control. 


4.  If  you  are  part  of  an  official  ranking  system,  how  are  you  ranked? 


5.  Are  you  currently  experiencing  any  health  problems  that  may  impair  your  performance  today? 
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APPENDIX  D. 


ORIENTEERING  MAP  LEGEND  EXPLANATION 
About  the  Orienteering  Map 


All  maps  are  generalizations.  They  use  symbols  to  portray  actual  features  on  the  earth’s 
surface.  Not  all  features  are  represented  with  the  same  precision.  Discrete  non-vegetation  items 
are  plotted  on  the  map  in  the  exact  location  they  are  in  the  actual  environment,  whereas 
vegetation  boundaries  (unless  indicated  with  a  distinctive  dotted  line)  are  not  meant  to  represent  a 
clean  break  from  one  type  of  vegetation  to  another.  Rather  this  line  separating  one  vegetation 
area  from  another  is  a  generalization  of  where  one  type  more  or  less  ends  and  another  more  or 
less  begins.  The  line  separating  the  two  can  best  be  thought  of  as  a  blurry  line  where  the  two 
types  of  vegetation  intermingle.  The  below  guide  will  help  you  determine  the  specific  limitations  of 
each  symbol  on  the  orienteering  map. 

Building  -  Buildings  in  the  area  are  of  several  types: 

a.  Latrines  -  most  common  building,  tan  in  color,  approx,  size  3x8  meters 

b.  Shelters  -  second  most  common  building,  green  wood,  roofed,  no  walls,  approx,  size  3x8 
meters 

c.  Admin.  -  field  office  and  shack,  black  with  gold  trim,  8x8  meters  and  2x2  meters  respectively 
Open  Sandy  Ground  -  a  significant  patch  of  sand  that  will  slow  running 

Open  ground  -  dirt,  hard  pack,  free  of  grass  and  other  vegetation. 

Undergrowth  walk  -  immature  chaparral  or  oak,  dense  stands  of  bushes,  incomplete  overlap  of 
two  distinct  areas  of  fight  which  allow  restricted  passage  along  that  overlap,  other  plants  that 
prevent  running. 

Fight  -  mature  chaparral  or  immature  oak  in  such  density  that  passage  through  is  very  difficult, 
running  impossible 

Forest  walk  -  oak  forest  with  patchy  undergrowth,  low  lying  tree  limbs  or  tree  density  that 
prevents  running  from  being  sustained 

Forest  slow  run  -  oak  forest  fairly  free  of  undergrowth,  but  with  low  lying  limbs  or  tree  density  that 
makes  sustained  running  difficult. 

Rough  open  ground  -  grass  covered  ground,  possibly  with  scattered  (avoidable)  undergrowth. 

Note  that  there  are  a  few  locations  that  have  what  appears  to  be  old  jeep  trails  but  are 
portrayed  as  rough  open  ground.  Sometimes  the  distinction  between  one  or  the  other 
blurs.  If  in  doubt  refer  to  other  more  distinctive  features  (contour  lines,  etc.)  to  determine 
your  location. 

Shallow  depression  -  most  likely  an  old  decaying  foxhole  position  or  other  man  made  excavation 
where  the  banks  have  eroded  to  create  a  bowl-like  depression  of  1  -  3  feet  below  surrounding 
ground. 

Misc.  object  -  a  manmade  feature,  rubble,  derelict  military  equipment,  or  other  item  whose  exact 
description  is  only  provided  if  it  is  the  location  of  a  control 

Pit  -  an  old  foxhole  or  likely  other  man  made  pit  that  has  steep  vertical  walls  and  may  be 
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reinforced  with  wood,  depth  from  2  -  5  ft.  Note  that  there  will  be  many  pits  in  the  area  that  are 
not  depicted  on  the  map.  The  pits  that  are  depicted  are  accurate. 

Telephone  poles  -  wood  poles  (if  bearing  wire  it  will  be  noted  on  map)  approx.  25  -  30  ft  in  height 

Concrete  pad  -  old  concrete  tent  pad  extending  from  2  -  5  inches  above  ground  level 

Tree  -  a  tree  or  large  bush  (could  be  two  or  more  trees  growing  close  together  -  forming  an 
unbroken  single  canopy  --  if  the  trees  are  small) 

Rootstock  -  a  dead  or  overturned  tree 

Troop  training  device  -  a  bunker  or  other  man  made  item  built  for  training  soldiers 
Vegetation  boundary  -  the  edge  of  a  vegetation  type 

Gully  or  Ditch  -  ranging  from  a  shallow  1  ft  deep  gully  to  5  ft  deep  military  trench 

Jeep  Trail  -  a  road  more  suitable  for  4  x  4  vehicles  due  to  width  restriction  and/or  ruts.  May  be 
distinctive  and  worn  or  in  some  places  overgrown  with  grass  but  still  containing  ruts. 

Paved  Road  -  a  surfaced  all  weather  road 

Road  -  a  sandy  or  dirt  road  wide  and  level  enough  for  2  wheel  drive  vehicles 

indistinct  Path  -  a  path  that  is  in  the  process  of  being  overgrown  with  only  intermittent  marks  on 
the  ground  that  indicate  that  it  was  once  a  well  traveled  path 

Narrow  Ride  -  a  linear  break  in  the  forest  that  may  have  once  been  a  jeep  trail  but  now  is 
overgrown  with  grass  and  lacks  telltale  wheel  ruts 

Path  -  a  foot  or  bike  path. 
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APPENDIX  E. 


AERIAL  PHOTOGRAPH  OF  COURSE  AREA 
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APPENDIX  F. 


THE  COURSE’S  MOST  PROBABLE  ROUTES. 


What  follows  below  is  an  analysis  of  the  some  of  the  most  probable  routes  to  a  given 
control.  They  do  not  represent  the  only  ways  of  getting  to  a  control  but  the  most  likely  routes 
chosen  by  participants  based  upon  my  orienteering  experience  and  knowledge  of  the  terrain. 

They  are  listed  to  better  illustrate  Orienteering  conventions  such  as  handrails  and  catching 
features  by  putting  them  into  the  context  of  the  course.  They  will  also  serve  as  a  basis  for 
comparison  and  discussion  of  the  actual  routes  planned  and  later  run  by  participants.  As  can  be 
seen  by  the  breakdown  of  routes,  all  controls  possess  at  least  one  beginner’s  route.  Intermediate 
and  advanced  routes  are  delineated  from  each  other  by  the  proportion  of  handrails  to  catching 
features.  If  there  are  more  handrails  as  compared  to  catching  features  than  the  route  is 
intermediate.  The  opposite  is  true  if  there  are  more  catching  features  to  handrails.  When 
classifying  routes  taken  by  participants  in  the  study,  if  an  exact  match  for  a  participant’s  route 
could  not  be  found  from  the  below  list  then  the  route  was  examined  within  the  context  of  its  use  of 
handrails  (including  what  type)  and  catching  features  and  assigned  a  route  designation  that 
correlated  with  the  same  level  of  difficulty  for  the  routes  on  that  control  (beginner,  intermediate, 
advanced). 


A.  Control  1 . 

1 .  Beginner 

a)  Gigling  Road  west  to  jeep  trail 

b)  Jeep  T rail  south  by  east  by  south  to  building 

c)  Control  on  NW  comer  of  building 

2.  Beginner 

a)  Watkin's  Gate  Cutoff  to  indistinct  path. 

b)  Indistinct  path  southwest  up  hill  to  jeep  trail 

c)  Jeep  T rail  west  to  building 

d)  Control  on  NW  corner  of  building 

3.  Intermediate 

a)  West  through  plotted  individual  trees  (catching  features) 

b)  Handrail  rough  open  ground  south  to  junction  indistinct  path  and 
jeep  trail 

c)  Jeep  Trail  west  to  building  (catching  feature) 

d)  Control  on  NW  comer  of  building 

4.  Advanced 

a)  West  through  plotted  individual  trees 

b)  Follow  runnable  forest  southwest 

c)  Try  to  hit  small  rough  open  gap  by  keeping  walkable  forest  to  left 
shoulder 

d)  use  forest  fight  to  west  as  catching  feature  if  needed 

e)  Control  on  NW  corner  of  building 

f)  Use  jeep  trail  for  catching  feature  if  control  is  missed 

5.  Advanced 

a)  Go  straight  at  control  from  start 

B.  Control  2. 

1.  Beginner 

a)  Jeep  trail  northwest  to  building 

b)  Follow  open  ground  to  west  and  look  for  rough  open  clearing 
going  northwest  (handrail) 

c)  Follow  rough  open  clearing  northwest  looking  for  pit 

d)  Control  in  pit 
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2.  Intermediate 

a)  Jeep  trail  northwest  to  building 

b)  Go  straight  at  control  (WSW)  from  building 

3.  Advanced 

a)  Set  out  on  straight  line  directly  for  control 

b)  Hit  open  ground  and  look  for  building  on  the  right  and  rough  open 
break  on  the  left.  (Catching  feature) 

c)  Follow  rough  open  clearing  northwest  looking  for  pit 

d)  Control  in  pit 

C.  Control  3. 

1.  Beginner 

a)  Head  northwest  and  get  out  onto  Gigling  Road 

b)  Take  Gigling  Road  west  to  jeep  trail  junction  with  telephone  pole 

c)  Take  jeep  trail  southeast  to  convergence  of  two  jeep  trails 

d)  Head  southwest  into  tree  grove  looking  for  control 

(1)  Use  building  as  catching  feature 

(2)  Use  open  ground  to  west  as  backup  catching  feature 

e)  Control  hanging  from  tree  limb 

2.  Advanced 

a)  Head  straight  at  control;  use  jeep  trail  prior  to  control  as  catching 
feature 

b)  Head  southwest  into  tree  grove  looking  for  control 

(1)  Use  building  as  catching  feature 

(2)  Use  open  ground  to  west  as  backup  catching  feature 

c)  Control  hanging  from  tree  limb 

D.  Control  4. 

1.  Beginner 

a)  Head  southwesterly  and  try  to  get  on  jeep  trail  headed  in  same 
direction 

b)  Take  jeep  trail  to  junction 

c)  Take  jeep  trail  southeast  to  junction 

d)  Take  southerly  fork  to  next  junction 

e)  Take  fork  to  northwest 

f)  Once  beyond  patches  of  fight  leave  trail  and  start  looking  for 
control 

g)  Control  is  in  pit 

2.  Beginner 

a)  Turn  around  and  go  back  to  jeep  trail  to  the  east 

b)  Take  jeep  trail  southwest  to  junction 

c)  Take  fork  to  the  south  to  another  junction 

d)  Take  fork  to  the  west  to  next  junction 

e)  Take  southerly  fork  to  next  junction 

f)  Take  fork  to  northwest 

g)  Once  beyond  patches  of  fight  leave  trail  and  start  looking  for 
control 

h)  Control  is  in  pit 

3.  Intermediate 

a)  Go  south  towards  road  junction 

b)  Get  on  road  and  take  to  junction 

c)  Take  road  west  to  other  road  junction 

d)  Handrail  around  fight  to  west  coming  down  through  small  patch 
of  fight  into  control 

4.  Advanced 

a)  Head  straight  at  control  expect  to  hit  jeep  trail  that  runs  NW  to  SE 
(catching  feature) 

b)  Hit  trail  and  then  thread  way  through  scattered  fight 
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c)  Emerge  into  center  of  depression  and  rough  open  ground, 
(catching  feature)  look  for  pit 

d)  Control  is  in  pit 

E.  Control  5. 

1 .  Beginner 

a)  Move  back  out  onto  jeep  trail 

b)  Take  trail  west  to  trail  junction 

c)  Take  trail  WNW  up  to  misc  object 

d)  From  misc.  object  go  straight  at  control 

2.  Intermediate 

a)  Move  directly  at  control 

b)  Use  Gigling  Road  as  catching  feature  if  miss  on  control 

c)  Control  is  in  center  of  clearing 

3.  Advanced 

a)  Move  directly  at  control 

b)  Use  southwesterly  linear  clearing  as  catching  feature 

c)  Follow  clearing  NW  right  into  control 

d)  Use  Runnable  forest  along  Gigling  as  catching  feature  in  case  of 
miss 

F.  Control  6. 

1 .  Beginner 

a)  Move  out  onto  Gigling  Road  and  take  it  westerly  to  junction  with 
dirt  road 

b)  Move  down  dirt  road  (south)  to  junction  with  jeep  trail 

c)  Take  jeep  trail  to  east  look  for  concrete  rubble 

d)  Move  southeast  through  runnable  forest 

e)  Look  for  control  on  concrete  pad 

2.  Beginner 

a)  Move  straight  at  control  and  hit  jeep  trail 

b)  Go  southwest  on  Jeep  trail  to  junction  with  another  jeep  trail 

c)  Take  jeep  trail  westerly  and  look  for  concrete  rubble 

d)  Move  southeast  through  runnable  forest 

e)  Look  for  control  on  concrete  pad 

3.  Intermediate 

a)  Move  south  to  junction  of  two  jeep  trails  (catching  feature) 

b)  Handrail  jeep  trail  southeasterly  to  clearing  (catching  feature) 

c)  Handrail  clearing  to  the  west 

d)  Hit  fight  going  west  (catching  feature)  and  move  south 

e)  Handrail  fight  (keeping  it  on  right  shoulder)  into  control 

f)  Look  for  control  on  concrete  pad 

4.  Advanced 

a)  Move  straight  at  concrete  rubble  (aiming  off  technique)  use  jeep 
trail  as  catching  feature  and  handrail 

b)  Move  southeast  through  runnable  forest 

c)  Look  for  control  on  concrete  pad 

G.  Control  7. 

1 .  Beginner 

a)  Move  back  out  onto  east  west  jeep  trail 

b)  Go  west  to  junction  of  jeep  trail  and  dirt  road 

c)  Take  dirt  road  south  to  junction  with  four  jeep  trails 

d)  Take  jeep  trail  east  by  northeast 

e)  Look  for  second  linear  break  in  vegetation  (indistinct  path) 

f)  Take  indistinct  path  (handrail)  to  ditch 

g)  Follow  ditch  to  its  end 

h)  Control  at  east  end  of  ditch 

2.  Intermediate 

a)  Move  through  rough  open  ground  easterly  to  jeep  trail  (catching 
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feature) 

b)  Follow  jeep  trail  (handrail)  to  junction  with  other  jeep  trail  by 
building 

c)  Locate  telephone  poles  and  follow  wire  (handrail)  south  easterly 

d)  Hit  fight  and  turn  west  and  follow  fight  boundary  into  ditch 
(handrail) 

e)  Control  at  east  end  of  ditch 

3.  Advanced 

a)  Move  through  rough  open  ground  easterly  to  jeep  trail  (catching 
feature) 

b)  Take  jeep  trail  to  curve  where  it  turns  east  (hand  rail) 

c)  Leave  jeep  trail  and  head  straight  for  control  use  east  west  jeep 
trail  as  checkpoint  (catching  feature) 

d)  Aim  off  to  east  side  of  ditch  and  go  southeast  (telephone  wires  to 
east  as  catching  feature  to  prevent  drifting  too  far  east) 

e)  Use  fight  as  catching  feature 

f)  Hit  fight  and  turn  west  and  follow  fight  boundary  into  ditch 

g)  Control  at  east  end  of  ditch 

4.  Advanced 

a)  Move  straight  at  control 

b)  Use  jeep  trail  junction  as  attack  point 

c)  From  attack  point  take  offset  route  to  west  part  of  ditch 

d)  Follow  ditch  to  east  and  find  control  at  end  of  ditch 

H.  Control  8. 

1.  Beginner 

a)  Handrail  fight  to  the  east  till  hitting  the  jeep  trail 

b)  Follow  jeep  trail  northerly  through  intersection  to  sharp  curve  to 
the  east 

c)  Once  at  sharp  curve  to  east  turn  off  trail  to  west  and  look  for 
control  in  clearing 

d)  Control  located  in  clearing 

2.  Intermediate 

a)  Handrail  fight  to  telephone  poles 

b)  Take  telephone  poles  NW  back  to  jeep  trail  junction 

c)  Follow  jeep  trails  east  to  next  junction 

d)  Take  jeep  trail  north 

e)  Leave  jeep  trail  and  move  directly  at  control 

3.  Advanced 

a)  Move  directly  at  control  (avoiding  forest  walk)  use  jeep  trail 
junction  as  catching  feature 

b)  From  jeep  trail  junction  aim  off  to  east  of  control  at  sharp  curve 
to  east  of  jeep  trail  keeping  eyes  open  for  control  in  clearings 

c)  Use  same  trail  as  Beginner  route  as  catching  feature  (for  drift) 

I.  Finish 

1.  Beginner 

a)  Move  back  out  to  jeep  trail  just  to  east  of  control  8 

b)  Take  trail  south  to  four  way  junction  with  other  trails  (handrail) 

c)  Take  southeasterly  running  trail  to  trail  fork 

d)  Take  northeasterly  running  fork  to  five  way  junction  (handrail) 

e)  Take  northwesterly  running  trail  keeping  eyes  open  for  small 
break  in  fight  to  the  east  (catching  feature) 

f)  Take  indistinct  path  into  clearing  and  hook  to  north 

g)  Control  on  east  edge  of  clearing 

2.  Intermediate 

a)  Move  back  out  to  jeep  trail  just  to  east  of  control  8 

b)  Move  off  trail  using  rough  open  to  move  closer  to  control 

c)  Take  rough  open  out  onto  jeep  trail  which  runs  NE  to  SW 

d)  Take  trail  to  junction  with  North  South  jeep  trail 
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e)  follow  jeep  trail  looking  for  indistinct  path 

f)  Take  indistinct  path  into  clearing  and  hook  to  north 

g)  Control  on  east  edge  of  clearing 

3.  Advanced 

a)  Move  straight  at  control  on  east  by  northeast  azimuth 

b)  Use  trail  as  catching  feature 

c)  Fight  to  north  and  south  of  route  used  as  catching  features 

d)  Locate  opening  in  fight 

e)  Take  indistinct  path  into  clearing  and  hook  to  north 

f)  Control  on  east  edge  of  clearing 
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Appendix  G. 

Map,  Actual,  and  Virtual  Environment  Correlations 


Appendix  G. 

Map,  Actual,  and  Virtual  Environment  Correlations 
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Map,  Natural  Environment, 
and  Virtual  Environment  Correlation 


Virtual  Environments.  Navigation, 
and  Natural  Environments 
Major  William  P.  Banker.  USA 
May  1997 


Appendix  G. 

Map,  Actual,  and  Virtual  Environment  Correlations 
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Map,  Natural  Environment, 
and  Virtual  Environment  Correlation 


Virtual  Environment  Top  Down  Perspective 
lx  magnification 


Appendix  G. 

Map,  Actual,  and  Virtual  Environment  Correlations 


83 


Map,  Natural  Environment, 
and  Virtual  Environment  Correlation 


lations 


APPENDIX  H 


PARTICIPANT  TASK  LIST 

Thank-you  for  participating  in  this  study.  You  will  doing  an  Orienteering  course  today. 

However,  there  are  some  important  differences  to  note: 

1 .  You  will  be  wearing  a  light  pack  with  DGPS  and  Newton  MSG  Pad  130.  Its  purpose  is  to  log 

your  route  and  act  as  a  data  capture  device  for  other  actions  you  may  perform. 

2.  Before  you  run  the  course  you  will  carefully  plan  your  route  through  the  entire  course  (see 

Important  Information  on  Marking  Your  Map) 

3.  Use  this  training  time  to  commit  the  route  and  course  to  memory.  You  are  expected  to  do  the 

following  on  the  actual  course  run: 

a.  Navigate  without  aid  of  map  and  compass,  but  go  off  of  memory  as  best  you  can.] 

b.  Try  not  only  to  find  all  the  controls  but  do  so  within  your  planned  route 

Summary  of  objectives 
All  Objectives  are  equally  important!! 

1 .  Choose  the  most  efficient  route  for  you  based  on  your  abilities  in  this  context 

2.  Minimize  the  number  of  map  checks  you  request  from  the  administrator 

3.  Minimize  the  number  of  compass  checks  you  request  from  the  administrator 

4.  Minimize  the  number  of  map  with  compass  checks  you  request  from  the 
administrator 

5.  Stay  on  your  route 

6.  Find  all  the  controls  (you  have  as  much  time  as  you  need  for  this  task) 

•  If  you  need  to  make  a  map  check  then  say  so  and  the  administrator  will  give  you  the  map  for 
30  seconds.  Additional  time  can  be  requested  in  30  second  increments  at  the  additional  cost 
of  a  map  check  each. 

•  If  you  need  to  make  a  compass  check  then  say  so  and  the  administrator  will  give  you  the 
compass  for  15  seconds.  Additional  time  can  be  requested  in  15  second  increments  at  the 
additional  cost  of  a  compass  check  each. 

•  If  you  need  both  map  and  compass  then  say  so  and  the  administrator  will  give  you  both  for  30 
seconds.  Additional  time  can  be  requested  in  increments  of  30  seconds. 

•  If  you  want  to  change  your  route  announce  to  the  administrator  that  you  are  changing  your 
route  plan.  At  that  point  the  administrator  will  hand  you  the  map,  compass,  and  blue  pen. 
From  the  time  that  he  gives  you  the  materials  you  will  have  30  seconds  to  plot  the  new  route. 

If  you  need  more  time  then  tell  him  you  need  more  time  and  you  will  get  another  30  seconds. 
Request  additional  time  as  needed  but  remember  that  one  of  your  objectives  is  to  make  as 
few  map  checks  as  necessary.  Every  30  seconds  that  you  are  looking  at  the  map  beyond 
the  original  30  seconds  for  the  route  change  counts  as  a  map  check. 
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APPENDIX  I 


IMPORTANT  INFORMATION  ON  MARKING  YOUR  MAP 

Pay  close  attention  to  how  you  mark  your  route,  be  as  precise  as  the  map  and  pen  allow. 
Before  your  actual  run  you  are  expected  to  preview  your  map  within  your  group’s  prescribed 
context.  Mark  your  planned  route  using  the  RED  pen.  You  may  correct  any  mistakes  you 
make  while  planning  with  the  white  eraser.  Once  the  planning  period  is  up  or  you  elect  to 
finish  you  will  not  be  allowed  to  erase  any  of  the  red  route  marks  you  have  made.  SO  BE 
PRECISE  in  marking  your  map,  detail  does  matter.  Later  during  the  actual  course  run  anytime 
that  you  are  going  to  deviate  from  your  planned  route  you  must  stop: 

1 .  Announce  to  the  administrator  that  you  are  changing  your  route  plan.  At  that  point  the 
administrator  will  hand  you  the  map.  From  the  time  that  he  gives  you  the  map  you  will  have 
30  seconds  to  plot  the  new  route.  If  you  need  more  time  than  tell  him  you  need  more  time 
and  you  will  get  another  30  seconds.  Request  additional  time  as  needed  but  remember  that 
one  of  your  objectives  is  to  make  as  few  map  checks  as  necessary.  Every  30  seconds  that 
you  are  looking  at  the  map  beyond  the  original  30  seconds  for  the  route  change  counts 
as  a  map  check. 

2.  Take  the  blue  pen  and  draw  in  your  new  route  with  the  same  attention  to  detail  that  you 
applied  for  the  original  route  planning  in  red. 

3.  Leave  your  original  route  on  the  map.  The  eraser  is  provided  so  that  you  may  make 
corrections  to  a  route  as  you  draw  it.  Once  you  finish  drawing  and  begin  navigating  you  are 
not  allowed  to  erase  routes,  or  corrections  to  planned  routes  (blue  penned  routes) 

4.  You  may  make  as  many  corrections  to  your  route(s)  as  necessary  while  navigating  the 
course. 


Importance  of  detail  in  map  marking  and  navigation 

You  are  allowed  to  deviate  from  your  planned  route  within  the  following  tolerances  while 
still  being  considered  on  that  route: 

Jeep  Trails,  Paved  Roads,  Unpaved  Roads,  Indistinct  Paths,  Narrow  Rides  and  Paths  --  If 

your  marked  route  is  on  any  of  these  features  you  are  allowed  5  meters  either  side  of  the  feature 
and  you  are  still  considered  as  being  "on  your  route". 

All  other  features  -  On  all  other  types  of  non  road/trail  terrain  you  may  travel  15  meters  to 
either  side  of  your  marked  route  and  you  are  still  considered  as  being  "on  your  route" 
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APPENDIX  J. 


NAVAL  POSTGRADUATE  SCHOOL,  MONTEREY,  CA  93943 
PRIVACY  ACT  STATEMENT 

1.  Authority:  Naval  Instruction 

2.  Purpose:  Spatial  Cognition  information  will  be  collected  to  enhance  knowledge,  or  to  develop 
tests,  procedures,  and  equipment  to  improve  the  development  of  Virtual  Environments. 

3.  Use:  Spatial  Cognition  information  will  be  used  for  statistical  analysis  by  the  Departments  of 
the  Navy  and  Defense,  and  other  U.S.  Government  agencies,  provided  this  use  is  compatible  with 
the  purpose  for  which  the  information  was  collected.  Use  of  the  information  may  be  granted  to 
legitimate  non-government  agencies  or  individuals  by  the  Naval  Postgraduate  School  in 
accordance  with  the  provisions  of  the  Freedom  of  Information  Act. 

4.  Disclosure/Confidentiality: 

a.  I  have  been  assured  that  my  privacy  will  be  safeguarded.  I  will  be  assigned  a  control  or 
code  number  which  thereafter  will  be  the  only  identifying  entry  on  any  of  the  research  records. 

The  Principal  Investigator  will  maintain  the  cross-reference  between  name  and  control  number.  It 
will  be  decoded  only  when  beneficial  to  me  or  if  some  circumstances,  which  is  not  apparent  at  this 
time,  would  make  it  clear  that  decoding  would  enhance  the  value  of  the  research  data.  In  all 
cases,  the  provisions  of  the  Privacy  Act  Statement  will  be  honored. 

b.  I  understand  that  a  record  of  the  information  contained  in  this  Consent  Statement  or 
derived  from  the  experiment  described  herein  will  be  retained  permanently  at  the  Naval 
Postgraduate  School  or  by  higher  authority.  I  voluntarily  agree  to  its  disclosure  to  agencies  or 
individuals  indicated  in  paragraph  3  and  I  have  been  informed  that  failure  to  agree  to  such 
disclosure  may  negate  the  purpose  for  which  the  experiment  was  conducted. 

c.  I  also  understand  that  disclosure  of  the  requested  information,  including  my  Social 
Security  Number,  is  voluntary. 


Signature  of  Volunteer  Print  Name,  Grade/Rank(if  applicable)  DOB 


SSN  Date 


Signature  of  Witness  Date 
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APPENDIX  J 


NAVAL  POSTGRADUATE  SCHOOL,  MONTEREY,  CA  93943 
MINIMAL  RISK  CONSENT  STATEMENT 

Subj:  VOLUNTARY  CONSENT  TO  BE  A  RESEARCH  PARTICIPANT  IN:  Virtual 
Environments  and  Navigation  in  Natural  Environments 

1 .  I  have  read,  understand  and  been  provided  “Information  for  Participants"  that  provides  the 
details  of  the  below  acknowledgments. 

2.  I  understand  that  this  project  involves  research.  An  explanation  of  the  purposes  of  the 
research,  a  description  of  procedures  to  be  used,  identification  of  experimental  procedures,  and 
the  extended  duration  of  my  participation  have  been  provided  to  me. 

3.  I  understand  that  this  project  does  not  involve  more  than  minimal  risk.  I  have  been  informed 
of  any  reasonably  foreseeable  risks  or  discomforts  to  me. 

4.  I  have  been  informed  of  any  benefits  to  me  or  to  others  that  may  reasonably  be  expected 
from  the  research. 

5.  I  have  signed  a  statement  describing  the  extent  to  which  confidentiality  of  records  identifying 
me  will  be  maintained. 

7.  I  have  been  informed  of  that  since  the  risks  are  minimal  any  injury  I  suffer  while  participating 
in  the  experiment  will  be  at  my  own  risk  and  that  I  accept  full  responsibility  for  my  own  medical 
treatment. 

8.  I  understand  that  my  participation  in  this  project  is  voluntary,  refusal  to  participate  will  involve 
no  penalty  or  loss  of  benefits  to  which  I  am  otherwise  entitled.  I  also  understand  that  I  may 
discontinue  participation  at  any  time  without  penalty  or  loss  of  benefits  to  which  I  am  otherwise 
entitled. 

9.  I  understand  that  the  individual  to  contact  should  I  need  answers  to  pertinent  questions 
about  the  research  is  Rudy  Darken,  Ph.D.,  Principal  Investigator,  and  about  my  rights  as  a 
research  subject  or  concerning  a  research  related  injury  is  the  Modeling  Virtual  Environments  and 
Simulations  Chairman.  A  full  and  responsive  discussion  of  the  elements  of  this  project  and  my 
consent  has  taken  place. 


Signature  of  Principal  Investigator 

Date 

Signature  of  Volunteer 

Date 

Signature  of  Witness 

Date 
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APPENDIX  J. 


NAVAL  POSTGRADUATE  SCHOOL,  MONTEREY,  CA  93943 
PRIVACY  ACT  STATEMENT 

1.  Authority:  Naval  Instruction 

2.  Purpose:  Spatial  Cognition  information  will  be  collected  to  enhance  knowledge,  or  to  develop 
tests,  procedures,  and  equipment  to  improve  the  development  of  Virtual  Environments. 

3.  Use:  Spatial  Cognition  information  will  be  used  for  statistical  analysis  by  the  Departments  of 
the  Navy  and  Defense,  and  other  U.S.  Government  agencies,  provided  this  use  is  compatible  with 
the  purpose  for  which  the  information  was  collected.  Use  of  the  information  may  be  granted  to 
legitimate  non-government  agencies  or  individuals  by  the  Naval  Postgraduate  School  in 
accordance  with  the  provisions  of  the  Freedom  of  Information  Act. 

4.  Disclosure/Confidentiality: 

a.  I  have  been  assured  that  my  privacy  will  be  safeguarded.  I  will  be  assigned  a  control  or 
code  number  which  thereafter  will  be  the  only  identifying  entry  on  any  of  the  research  records. 

The  Principal  Investigator  will  maintain  the  cross-reference  between  name  and  control  number.  It 
will  be  decoded  only  when  beneficial  to  me  or  if  some  circumstances,  which  is  not  apparent  at  this 
time,  would  make  it  clear  that  decoding  would  enhance  the  value  of  the  research  data.  In  all 
cases,  the  provisions  of  the  Privacy  Act  Statement  will  be  honored. 

b.  I  understand  that  a  record  of  the  information  contained  in  this  Consent  Statement  or 
derived  from  the  experiment  described  herein  will  be  retained  permanently  at  the  Naval 
Postgraduate  School  or  by  higher  authority.  I  voluntarily  agree  to  its  disclosure  to  agencies  or 
individuals  indicated  in  paragraph  3  and  I  have  been  informed  that  failure  to  agree  to  such 
disclosure  may  negate  the  purpose  for  which  the  experiment  was  conducted. 

c.  I  also  understand  that  disclosure  of  the  requested  information,  including  my  Social 
Security  Number,  is  voluntary. 


Signature  of  Volunteer  Print  Name,  Grade/Rank(if  applicable)  DOB 


SSN  Date 


Signature  of  Witness 


Date 


APPENDIX  J 


NAVAL  POSTGRADUATE  SCHOOL,  MONTEREY,  CA  93943 
MINIMAL  RISK  CONSENT  STATEMENT 

Subj:  VOLUNTARY  CONSENT  TO  BE  A  RESEARCH  PARTICIPANT  IN:  Virtual 
Environments  and  Navigation  in  Natural  Environments 

1 .  I  have  read,  understand  and  been  provided  "Information  for  Participants"  that  provides  the 
details  of  the  below  acknowledgments. 

2.  I  understand  that  this  project  involves  research.  An  explanation  of  the  purposes  of  the 
research,  a  description  of  procedures  to  be  used,  identification  of  experimental  procedures,  and 
the  extended  duration  of  my  participation  have  been  provided  to  me. 

3.  I  understand  that  this  project  does  not  involve  more  than  minimal  risk.  I  have  been  informed 
of  any  reasonably  foreseeable  risks  or  discomforts  to  me. 

4.  I  have  been  informed  of  any  benefits  to  me  or  to  others  that  may  reasonably  be  expected 
from  the  research. 

5.  I  have  signed  a  statement  describing  the  extent  to  which  confidentiality  of  records  identifying 
me  will  be  maintained. 

7.  I  have  been  informed  of  any  compensation  and/or  medical  treatments  available  if  injury 
occurs  and  is  so,  what  they  consist  of,  or  where  further  information  may  be  obtained. 

8.  I  understand  that  my  participation  in  this  project  is  voluntary,  refusal  to  participate  will  involve 
no  penalty  or  loss  of  benefits  to  which  I  am  otherwise  entitled.  I  also  understand  that  I  may 
discontinue  participation  at  any  time  without  penalty  or  loss  of  benefits  to  which  I  am  otherwise 
entitled. 

9.  I  understand  that  the  individual  to  contact  should  I  need  answers  to  pertinent  questions 
about  the  research  is  Rudy  Darken,  Ph.D.,  Principal  Investigator,  and  about  my  rights  as  a 
research  subject  or  concerning  a  research  related  injury  is  the  Modeling  Virtual  Environments  and 
Simulations  Chairman.  A  full  and  responsive  discussion  of  the  elements  of  this  project  and  my 
consent  has  taken  place. 

Medical  Monitor:  Flight  Surgeon,  Naval  Postgraduate  School 


Signature  of  Principal  Investigator 

Date 

Signature  of  Volunteer 

Date 

Signature  of  Witness 

Date 
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APPENDIX  K, 


GENERAL  DEBRIEF 


Participant  Number 


1 .  Have  you  ever  been  on  this  part  of  Ft.  Ord  Before?  If  so  how  familiar  were  you  with  the 
course  area  prior  to  running  it? 

a.  Not  very  familiar  -  passed  through  area  two  of  fewer  times. 

b.  Familiar  -  have  hiked  or  biked  though  are  more  than  twice  and  am  somewhat  confident  about 
my  knowledge  of  the  trail  network 

c.  Very  familiar  -  come  through  here  often  and  could  navigate  to  a  prominent  feature  such  as  a 
building,  road  junction,  or  hilltop  without  a  map. 

2.  Have  you  been  out  navigating  on  Ft.  Ord  before?  If  so  do  you  think  your  previous 
exposure  to  a  different  area  of  Ft.  Ord  helped  you  solve  today’s  navigation  problem.  If  it  did 
help  then  explain  how  it  helped  you,  be  specific. 


3.  If  you  have  not  been  out  on  Ft.  Ord  before  have  you  been  on  similarly  vegetated  terrain.  If 
so,  do  you  believe  that  prior  exposure  helped  you  with  today’s  navigation  problem.  If  it  did  help 
then  explain  how  it  helped  you,  be  specific. 
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4.  What  did  you  think  of  the  map  quality? 

a.  Excellent  -  accurate,  easy  to  read,  portrayed  all  significant  features. 

b.  Good  -  some  minor  discrepancies  that  created  a  little  confusion  (please  explain  why  in  space 
below). 

c.  Fair  -  Several  significant  flaws  that  lead  me  to  make  major  mistakes  in  navigation  (please 
explain  why  in  space  below). 

d.  Poor  -  Numerous  flaws  that  made  accurate  navigation  a  matter  of  luck  (please  explain  why  in 
space  below). 


Questions  asked  in  context  of  actual  route 
(Recorded) 

SEE  ORIENTEERING  SKILLS  AND  STRATEGIES  FOR 
TAXONOMY  OF  ORIENTEETING  ERRORS 

1.  If  an  unintentional  error  and  caught 

a.  When  did  you  recognize  that  you  had  deviated  off  your  planned  route? 

b.  Why  did  you  plan  your  original  route  as  you  did? 

c.  Why  did  you  revise  your  route  the  way  you  did? 

d.  Attribute  the  error  to  what  factors? 


2.  If  unintentional  error  and  not  caught  but  participant  arrives  at  control 

a.  What  made  you  think  you  were  still  on  your  planned  route? 

b.  How  do  you  think  you  arrived  at  the  control  when  it  was  not  planned  by  you? 

c.  Attribute  the  error  to  what  factors? 


3.  If  an  intentional  error  -  route  revision 

a.  What  caused  you  to  revise  your  route? 

b.  Attribute  the  error  to  what  factors? 

c.  If  route  revision  is  successful  (leading  to  no  more  corrections) 

1 .  What  do  you  attribute  the  successful  route  correction  to? 

d.  If  unsuccessful 

1 .  Why  was  this  correction  not  successful? 


4.  Upon  successful  completion  of  a  planned  route  to  a  control 

a.  Rank  the  aids  (map,  course  preview,  VE  —  whichever  are  relevant  to  the  you)  in  order  of 
importance  that  helped  you  successfully  complete  this  control 
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b.  How  did  each  aid  help? 

c.  What  were  the  shortcomings  of  the  aids  you  had  for  this  control? 

d.  What  were  the  strengths  of  the  aids  you  had  for  this  control? 
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APPENDIX  L 


VE  DEBRIEF 

For  VE  participants  only 

1 .  Within  the  context  of  helping  familiarize  you  with  the  environment  prior  to  having  to  navigate  in  it 

please  comment  on  the  below  items  as  to  whether  is  was  helpful  or  not  and  why.  ( note  this 
form  has  been  condensed  for  space  saving  inclusion  as  an  appendix.  The  actual  form 
contained  space  in  between  each  question  for  a  reply) 

a.  The  Spatial  fidelity  (perceived  relative  distance  of  one  virtual  feature  to  another  compared 

to  the  actual  features  on  the  course) 

b.  The  navigation  options: 

1.  Walking 

2.  Squatting  to  1  meter  height 

3.  Rising  to  10  meters  height 

4.  Rising  to  30  meters  height 

5.  Teleporting  from  location  to  location  using  the  "Hole  View" 

c.  The  vegetation  type  portrayals. 

d.  Vegetation  density  portrayal. 

e.  Road/Trail  network  portrayal, 
f  Elevation  portrayal. 

g.  Building  portrayal 

h.  Ground  surface  portrayal. 

i.  Telephone  wire  poles 

j.  The  “Hole"  restriction. 

k.  The  interface  (mouse  and  monitor) 

l.  Other  features  -  pits,  depressions. 

2.  What  improvements  (in  order  of  importance)  would  you  make  to  the  VE  and  why? 

3.  What  aspects  of  the  VE  did  you  think  did  not  support  the  task? 

4.  Did  exposure  to  the  VE  give  you  greater  confidence  that  the  environment  would  be  familiar  to 

you  when  you  went  out  into  it.?  If  so  then  explain  how  the  VE  created  this  confidence. 

5.  If  the  VE  did  not  inspire  confidence  that  you  would  be  familiar  with  the  actual  world  then  explain 

why  it  did  not. 

6.  If  it  did  inspire  confidence,  but  later  experience  proved  that  confidence  unfounded  then  explain 

why  your  experiences  in  the  actual  world  undermined  your  confidence  in  the  VE  model. 
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APPENDIX  M 


EQUIPMENT  USED  IN  THE  STUDY 

The  following  list  of  equipment  was  used  in  the  study 

1 .  One  Pentium  (166)  PC  Workstation  with  Windows  NT  4.0  with  a  20”  Sony  Trinitron 

Monitor 

2.  Jack  Nicklaus  Golf  4.0  Course  Designer  used  for  VE. 

3.  ArcView  3.0a  GIS  used  for  map  production,  DGPS  plotting,  and  spatial  analysis. 

4. 15  master  maps  acetated  for  durability. 

5.  Transparencies  for  overlays. 

6.  Alcohol  Pens  for  marking  routes. 

7.  Newton  MSG  Pad  130  used  for  DGPS  map  survey  work  and  route  participant  route 

capture 

8.  Fieldworker  2.3  software  used  for  DGPS  map  survey  work  and  experiment  data 

capture. 

9.  Compass 

1 0.  Clipboard 

12.  Head  mounted  Hi8  camcorder  for  recording  participants  course  run. 

Equipment  common  to  all  participants: 

1.  Map 

2.  Compass 

3.  Clue  Sheet 

Equipment  unique  to  VE  group: 

1 .  Overlay  of  "VE  Lanes'1  for  map.  These  lanes  outline  the  extant  of  each  VE  lane.  This 
overlay  provides  a  reference  between  the  VE  and  the  map  that  will  be  used  by  the 
participant  during  the  course.  This  overlay  will  only  be  used  as  a  contextual  reference 
while  the  participant  plans  his  route  on  the  overlay  that  he  will  take  out  to  the  course  with 
him.  The  VE  Lane  overlay  will  NOT  go  out  to  the  course  with  the  participant. 

2.  Map,  Natural  Environment,  and  VE  correlation.  This  is  a  set  of  six  diagrams  that  have 
photographs  of  the  actual  terrain  with  its  VE  correlation.  Photographs  do  not  always 
depict  the  area  portrayed  in  the  VE.  Ideally  the  VE  would  have  photographic  fidelity.  Due 
to  bandwidth  constraints  this  is  not  possible  so  the  diagrams  are  meant  to  prevent 
negative  training  transfer  by  creating  images  in  the  participant’s  mind  that  are  at  great 
variance  to  the  actual  terrain. 

3.  The  Virtual  Environment  itself. 
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APPENDIX  N. 


PARTICIPANT  MAPS 

The  following  maps  portray  the  routes  that  participants  took  during  the  test  phase,  and  in 
the  Real  World  Condition,  the  route  they  took  during  the  training  phase  (trial).  The  routes  that  the 
participant  drew  onto  the  map  during  their  training  phase  has  not  been  included  on  these  maps 
because  map  scale  and  the  limitations  of  black  and  white  reproduction  would  have  made  for  a 
cluttered  and  less  readable  reproduction.  I  am  planning  to  provide  the  interested  reader  with  the 
color  versions  of  these  maps  which  will  include  the  planned  route  on  an  NPS  web  site.  If 
interested  in  the  link  for  downloading  these  maps  (a  high  speed  connection  is  recommended  as 
they  approximately  1 .5  MB’s  each),  please  contact  Dr.  Darken  at  darken@cs.nps.navy.mil. 
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Real  World  Group 
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APPENDIX  O. 


THINK  OUT  LOUD 


Your  thoughts  are  important  to  this  research.  As  you  navigate  the  course  you  should  be 
“thinking  out  loud”. 


As  you  move  through  the  environment  and  experience  it  directly  express  what  you  are 
thinking.  The  mental  preconception  you  had  of  this  environment  before  you  stepped  into 
it  will  now  be  evaluated  by  you  as  you  experience  the  course  directly.  As  this  image  is 
confronted  with  direct  experience  your  expectations  and  plan  may  be  confirmed,  modified, 
or  refuted.  Be  sure  to  talk  out  loud  these  thoughts. 


The  process  of  talking  out  loud  and  paying  close  attention  to  your  route  will  slow  you 
down.  This  is  expected.  You  are  under  no  time  constraint  to  finish  the  course. 


PLEASE  SPEAK  LOUDLY  SO  THAT  YOUR  VOICE  WILL  BE  PICKED  UP  BY  THE 

MICROPHONE 
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APPENDIX  P 


ADMINISTRATORS  TASK  LIST 


Admin.  TASK  LIST  (All) 

1.  Welcome 

2.  Equipment  you  will  need 

3.  Consent  form 

4.  Administer  questionnaire 

5.  Give  procedure  (Group  Dependent) 


Procedure  Control  Group 

1.  Issue 

a.  Participant  Task  List 

b.  Map  Marking  Information 

1.  Give  map  to  participant  for  study  away  from  site,  plan  route  allow  1  hour  take  map  back  when 
finished  with  planning 

2.  Movement  from  NPS  out  to  course  area 

3.  Administration  of  blindfold  prior  to  entrance  into  course  area. 

4.  Arrival  at  start  point,  removal  of  blindfold 

5.  Issue  and  fit  Pack 

6.  Issuance  of  Course  Procedure  (see  course  procedure  all) 

7.  Ask  Survey  Knowledge  question  (you  are  at  control  3,  shoot  azimuths  to  controls  Finish,  Six, 
and  Eight) 

8.  Issue  map  back,  pen,  eraser  (p.ut  on  ground  with  map  turned  over  face  down  on  clipboard) 

9.  Any  questions 

10.  Start  participant 

11.  Navigate  Course 

12.  Return  to  NPS 

13.  Debrief  (General  only) 


Procedure  Real  World 

1 .  Movement  from  NPS  out  to  course  area 

2.  Administration  of  blindfold  prior  to  entrance  into  course  area. 

3.  Arrival  at  start  point,  removal  of  blindfold 

4.  Issue  and  fit  Pack 

5.  Issuance  of  Course  Preview  Procedure 

a.  Participant  Task  List 

b.  Map  Marking  Information 

6.  Issue  map,  pen,  eraser  (put  on  ground  with  map  turned  over  face  down  on  clipboard) 

7.  Any  questions 

8.  Start  participant  on  preview 

9.  Preview  Course  (1  hour  max.) 

10.  Return  to  start  point 

11.  Collect  up  materials 

12.  Issuance  of  Course  Procedure  (see  course  procedure  all) 

13.  Ask  Survey  Knowledge  question  (you  are  at  control  3,  shoot  azimuths  to  controls  Finish,  Six, 
and  Eight) 

14.  Issue  map  back,  pen,  eraser  (put  on  ground  with  map  turned  over  face  down  on  clipboard) 
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ADMINISTRATORS  TASK  LIST 


15.  Any  questions 

16.  Start  participant 

17.  Navigate  Course 

18.  Return  to  NPS 

19.  Debrief  (General  Debrief  Only) 


Procedure  Virtual  Environment  Group 

1.  Give  participant  briefing  form  on  what  they  will  do  in  this  group 

2.  Acquaint  participant  with  interface  on  practice  course 

3.  Any  questions 

4.  Issue  map,  Correlation  pictures,  overlay,  pen,  eraser  (put  on  table  with  map  turned  over  face 
down  on  clipboard) 

5.  Any  questions 

6.  Start  participant  on  Virtual  Preview  (1  hour  allowed  for  route  planning) 

7.  Collect  up  materials 

8.  Movement  from  NPS  out  to  course  area 

9.  Administration  of  blindfold  prior  to  entrance  into  course  area. 

10.  Arrival  at  start  point,  removal  of  blindfold 

11.  Issue  and  fit  Pack 

12.  Issuance  of  Course  Procedure  (see  course  procedure  all) 

13.  Ask  Survey  Knowledge  question  (you  are  at  control  3,  shoot  azimuths  to  controls  Finish,  Six, 
and  Eight) 

14.  Issue  map  back,  pen,  eraser  (put  on  ground  with  map  turned  over  face  down  on  clipboard) 

15.  Any  questions 

16.  Start  participant 

17.  Navigate  Course 

18.  Return  to  NPS 

19.  Debrief  (General  and  Virtual  Environment  Group) 


Equipment  Check 

Check  GPS 
Check  Newton 
Check  camera  is  on 
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APPENDIX  R. 

Glossary 


Landmark  Knowledge 

This  is  where  the  navigator  orients  himself  by  highly  salient  visual  landmarks.  In  the  case 
of  the  natural  environment  this  may  be  a  prominent  hill  top,  road  junction,  or  small  lake.  This  type 
of  knowledge  is  characterized  by  having  a  direct  visual  image  of  the  feature.  The  existence  of 
landmarks  is  key  in  the  early  formation  of  navigational  knowledge  upon  which  subsequent 
learning  will  create  route  and  survey  knowledge  (Thorndyke,  1980). 

Route  Knowledge 

The  ability  to  navigate  from  one  spot  to  another  utilizing  landmarks  or  other  visual 
features  to  prompt  the  navigator  to  turn  left,  turn  right,  or  proceed  in  a  new  direction.  The  ability  to 
recall  these  features  allows  you  to  give  directions  to  another  person  from  a  point  located  along  the 
known  route.  Not  being  able  to  recall  the  features  only  gives  you  the  ability  to  recognize  them  on 
site  but  not  give  directions  to  others.  Route  knowledge  is  knowledge  from  an  ego-centered  frame 
of  reference  usually  gained  by  personal  exploration  of  the  area.  It  does  not  recognize  alternate 
routes  or  short-cuts.  Knowledge  of  the  relationships  among  features  along  the  route  is 
unidirectional  where  the  knowledge  may  be  known  of  how  to  go  from  point  A  to  B,  but  not  from 
point  B  to  A  (Allen  and  Kirasic,  1985). 

Survey  Knowledge 

Sufficient  navigational  experience  eventually  provides  what  Thorndyke  refers  to  as  survey 
knowledge.  The  knowledge  resides  internally  as  a  “cognitive  map”.  The  ability  to  describe  the 
relative  locations  of  landmarks,  and  the  distances  among  them  even  though  a  route  among  them 
has  never  been  traveled  is  an  example  of  survey  knowledge.  Survey  knowledge,  unlike  route 
knowledge,  is  based  on  an  exocentric  point  of  view,  much  like  a  birds  eye  point  of  view  for  the 
navigator  restricted  to  foot  travel.  It  is  tantamount  to  having  a  mental  representation  of  a  physical 
map  (Goldin  &  Thorndyke,  1982).  Survey  knowledge  built  through  personal  experience  of  the 
actual  environment  is  referred  to  as  “primary”  experience  (Presson  &  Hazelrigg,  1984).  Survey 
knowledge  acquired  through  some  other  means  such  as  map,  picture,  or  VE  is  known  as 
“secondary”  experience  (Goldin  &  Thorndyke,  1982)  (Thorndyke  &  Hayes-Roth,  1982).  Presson 
&  Hazelrigg  (1984)  and  Scholl  (1993)  have  shown  that  survey  knowledge  obtained  in  this  fashion 
is  inferior  to  primary  survey  knowledge.  The  inferiority  has  been  shown  to  arise  with  the  location 
and  orientation  of  landmarks.  If  a  person  has  both  route  knowledge  and  primary  survey 
knowledge  they  have  complete  navigational  awareness  (Satalich,  1995). 

Orienteering 

A  sport  that  utilizes  a  specialized  map  and  simple  compass.  Orienteering  competitions 
(events)  are  varied  in  type,  but  they  all  involve  the  use  of  map  and  compass  to  find  12”  x  12”  three 
sided  markers  called  controls.  The  controls  are  normally  half  white,  half  international  orange, 
separated  along  the  diagonal  of  the  12”  x  12”  square,  on  each  of  the  three  sides.  Thus  the  control 
is  designed  for  equal  visibility  no  matter  what  direction  it  is  approached  from  (presuming  there  are 
no  intervening  obstacles).  Orienteering  events  are  usually  held  in  natural  environments  as 
opposed  to  urban  settings  where  several  course  are  offered  reflecting  different  levels  of  difficulty. 

Difficulty  is  determined  by  a  two  fold  metric  that  examines  course  length  and  the  technical 
difficulty  of  the  controls  placed  therein.  Courses  levels  are  identified  by  color  names  where  white 
is  for  a  beginner  course  of  about  3km  in  total  straight  line  distance  connecting  all  the  controls 
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(there  are  anywhere  from  7  to  1 5  controls  per  course  depending  on  course  level  and  the  course 
setter’s  discretion).  Controls  are  normally  found  in  a  prescribed  sequence,  indicated  by  the  map, 
and  skipping  or  missing  a  control  results  in  participant  disqualification  (all  controls  must  be  found 
in  sequence  in  order  for  the  participant’s  run  to  qualify  for  ranking. 

All  starts  for  the  different  courses  are  typically  from  the  same  point  with  the  courses 
diverging  from  there.  Control  features  are  contained  within  a  circle  normally  30  to  50  meters  in 
diameter  with  the  feature  itself  being  located  at  or  near  the  center  of  the  circle  and  a  description  of 
the  feature  provided  on  the  attached  clue  sheet  (see  clue  sheet  below).  Lines  connect  the 
controls  so  that  the  participant  can  see  the  sequence  that  the  controls  must  be  visited  from  start  to 
finish.  Participants  prove  that  they  have  visited  a  control  by  “punching”  a  score  card  with  a  pattern 
producing  punch  (about  the  size  and  shape  of  a  pocket  stapler)  which  is  unique  to  that  control. 

Unlike  most  other  outdoor  distance  events  route  selection  is  left  up  to  the  participant. 
Route  selection  is  extremely  important  in  the  sport  and  allows  for  more  mature  and  experienced 
participants  to  outperform  younger  more  athletic  ones. 

Orienteering  Map 

A  highly  detailed  map  normally  produced  at  a  1 :1 5,000  scale  for  official  competitions  with 
larger  scales  of  1 :1 0,000  or  1 :7,500  used  sometimes  for  unofficial  events. 

Vegetation  is  portrayed  in  a  much  more  detailed  way  than  what  is  normally  done  for  either 
military  topographic  maps,  USGS  topographic  maps,  or  trail  maps.  Vegetation  is  categorized  by 
its  ability  to  be  run  through,  which  reflects  the  sport’s  characteristic  of  racing  against  the  clock 
over  unfamiliar  terrain  with  map  and  compass  to  guide  you  to  the  controls  marked  on  your  map. 
Typically  vegetation  is  classified  as  easy  running  (no  obstructions)  to  fight  (obstructing  vegetation 
so  thick  it  is  best  avoided).  It  should  be  noted  here  that  the  ability  to  move  rapidly  through 
vegetation  does  not  necessarily  correlate  with  an  ability  to  see  easily  through  that  same 
vegetation.  Thus  low  lying  scrub  that  provides  excellent  visibility  over  its  top  may  nonetheless  by 
classified  as  fight  due  to  an  impenetrable  density. 

Orienteering  maps  also  normally  contain  “micro”  features  normally  too  small  to  be 
included  in  military  or  USGS  maps.  These  micro  features  include  but  are  not  limited  to  small  pits 
1  meter  deep  and  1  meter  in  diameter,  isolated  boulder(s),  individual  trees  or  bushes  when 
mapping  them  does  not  make  clutter  and  contributes  to  the  course  setters  options  by  providing 
more  features,  minor  cliffs,  embankments,  telephone  poles  and  wire,  indistinct  paths,  and  many 
other  manmade  and  natural  features. 

By  containing  more  features  the  Orienteering  map  provides  the  course  setter  and 
competitor  with  a  finer  more  detailed  representation  of  an  environment  and  in  turn  greater 
opportunities  for  testing  navigation  skills  while  under  the  clock.  Standardized  colors,  patterns, 
markers,  and  lines  are  used  to  depict  the  various  features.  For  more  information  on  Orienteering 
maps  see  the  International  Orienteering  Federation’s  (IOF)  Specifications  for  Orienteering  Maps  in 
Appendix  1 . 

Clue  Sheet 

A  description  sheet  attached  to  each  map  that  has  the  details  on  the  location  of  each 
control.  Beginner’s  descriptions  are  written  in  English.  On  intermediate  and  advanced  courses, 
IOF  symbols  are  used,  (see  Figure  1  for  clue  sheet  with  descriptions  used  in  this  experiment). 

Rough  Map  Reading 

A  technique  for  map  simplification  where  all  but  large  or  conspicuous  guiding  features  are 
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eliminated  from  the  participant’s  route  planning  consideration  in  order  to  only  include  those 
features  that  will  help  guide  the  participant  into  the  vicinity  of  the  control.  This  method  is 
commonly  used  exclusively  by  beginners  and  selectively  by  intermediate  and  advanced  orienteer 
(Lowry  and  Sidney,  1 989). 

Precision  Map  Reading 

A  concentration  on  the  fine  detail  of  a  map  as  an  orienteer  approaches  the  vicinity  of  a 
control.  This  method  is  normally  used  by  intermediate  and  advanced  orienteers  as  they  move 
down  the  last  quarter  of  a  route  and  approach  the  vicinity  of  the  control  on  a  map  with  many 
details  vicinity  of  the  control  (Lowry  and  Sidney,  1989). 

Attack  Point 

A  distinct  easily  found  feature  usually  within  200  meters  of  the  control.  The  point  serves 
to  break  up  the  route  in  segments  thereby  minimizing  the  probability  of  drift  off  the  route.  Typical 
attack  points  are  trail  junctions,  field  corners,  trail  bends,  hills,  and  re-entrants  ( also  known  as  a 
draw  where  the  land  rises  on  three  sides  and  drops  on  one  creating  a  natural  funnel  that  leads  up 
hill  to  a  ridge  or  hill  top. 

Handrail 

A  linear  feature  such  as  a  road,  trail,  stream,  or  ridge  that  allows  the  orienteer  to  follow  it 
as  a  guide  which  is  parallel  or  congruent  with  the  desired  or  most  direct  route. 

Catching  Feature 

A  prominent  feature  included  in  a  route  plan  so  that  when  encountered  it  triggers  a 
change  in  direction. 

Attacking  From  Above 

A  method  for  finding  a  control  which  advocates  when  possible  approaching  a  control  from 
above  and  walking  downhill  towards  it  thereby  gaining  the  widest  field  of  vision,  and  being  fresher 
(of  clearer  mind)  by  eliminating  a  fatiguing  uphill  climb  while  simultaneously  scanning  for  the 
control. 

Aiming  Off 

A  method  where  the  orienteer  deliberately  plots  a  route  to  one  side  or  the  other  of  the 
direct  route.  It  exploits  the  existence  of  handrails  to  one  side  or  the  other  when  used  along  the 
route.  It  is  also  used  to  extend  the  control  by  aiming  off  to  a  distinct  linear  feature  that  will  lead 
you  directly  into  the  control.  It  also  can  be  used  for  going  behind  the  control  into  a  large  catching 
feature  which  when  found  tells  you  to  turn  one  direction  or  the  other  and  go  into  the  control  (Lowry 
and  Sidney  1989). 

Parallel  Error 

The  confusion  of  one  part  of  the  map  or  terrain  with  another  similar  section. 

Default  Error 

A  penalty  applied  against  those  who  due  to  running  out  of  time,  did  not  get  to  look  for  a 
given  control(s) .  Within  the  context  of  this  experiment,  a  failure  on  a  participant’s  part  to  begin 
looking  for  a  control  because  of  the  expiration  of  allotted  time  while  searching  (unsuccessfully)  for 
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the  preceding  control.  An  example  would  be  where  a  participant  finds  controls  1  -  4,  and  while 
searching  for  control  5,  the  allotted  hour  expires.  In  this  example  this  participant  would  be  given 
four  default  errors  (one  for  each  of  the  four  remaining  controls  in  the  nine  control  course  that  the 
participant  failed  to  even  begin  searching  for.  This  is  a  penalty  applied  to  participants  who  do  not 
finish  the  course  so  that  better  statistical  comparisons  can  be  made  between  them  and  those  who 
do  finish  the  course. 


Default  Distance  Off  Route 

A  penalty  applied  against  those  who  due  to  running  out  of  time,  did  not  get  to  look  for  a 
given  control(s) .  It  is  calculated  by  summing  all  planned  route  distances  (in  meters)  on  all 
controls  where  a  Default  Error  occurred,  and  the  most  probable  (an  inference  on  the  likely  route  a 
participant  would  take  to  get  from  their  current  location  to  back  onto  their  planned  route  -  if  they 
are  not  already  on  it)  route  into  the  control  they  were  looking  for  when  official  time  expired.  This  is 
a  penalty  applied  to  participants  who  do  not  finish  the  course  so  that  better  statistical  comparisons 
can  be  made  between  them  and  those  who  do  finish  the  course. 

Default  Checks 

A  penalty  applied  against  those  who  due  to  running  out  of  time,  did  not  get  to  looking  for  a 
given  control .  It  is  calculated  by  taking  the  treatment  group  with  the  highest  average  for  map 
checks  on  a  given  control  and  if  it  is  not  a  whole  number,  rounding  that  number  up,  and  assigning 
that  number  to  that  participant’s  map  checks  for  that  control. .  This  is  a  penalty  applied  to 
participants  who  do  not  finish  the  course  so  that  better  statistical  comparisons  can  be  made 
between  them  and  those  who  do  finish  the  course. 

Default  Map  with  Compass  Checks 

Identical  to  the  Default  Checks  above  except  this  penalty  is  for  the  Map  with  Compass 
Checks  category  as  opposed  to  the  map  only  checks  (Default  Checks).  This  is  a  penalty  applied 
to  participants  who  do  not  finish  the  course  so  that  better  statistical  comparisons  can  be  made 
between  them  and  those  who  do  finish  the  course. 

Active  Errors 

The  sum  of  actual  observed  deviations  from  planned  route  over  a  participants  course  run. 
Every  instance  is  where  the  participant  left  the  tolerances  of  his  marked  route.  See  Active 
Distance  Off  Route  below  for  tolerances. 

Active  Map  Checks 

An  actual  observed  participant’s  map  only  check.  Each  instance  represents  a  30  second 
period  where  the  participant  was  given  the  map  to  orient  themselves. 

Active  Map  with  Compass  Checks 

An  actual  observed  participant’s  map  and  compass  check.  Each  instance  represents  a 
30  second  period  where  the  participant  was  given  the  map  and  compass  to  orient  themselves. 


Active  Distance  Off  Route 

The  sum  of  all  deviations  (in  meters)  of  where  the  participant  went  off  their  marked  route 
while  looking  for  the  controls.  This  figure  is  only  for  those  controls  that  a  participant  found,  and  in 
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the  case  of  not  finishing  the  course,  the  actual  distance  off  route  while  looking  for  that  control 
when  time  expired.  The  tolerances  for  what  is  considered  “on  route”  are: 


1 .  If  the  route  is  marked  on  road  or  trail  then  on  route  is  not  straying  beyond  five  meters 
to  left  or  right  of  that  trail. 

2.  If  the  marked  route  is  not  on  road  or  trail  then  staying  within  1 5  meters  to  the  left  or 
right  of  the  marked  route  is  considered  as  being  on  route, 
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